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PREFACE

This document specifies the detailed design of the missile software parts
identified during the Common Ada Missile Packages (CAMP) program.

This document contains data generated under the work task described by sections
5.3.1.2 and 5.3.2.3 of DOD-STD-2167, Defense System Software Development. It
has been prepared in accordance with DI-MCCR-80031, Software Detailed Design
Document.

The structure of DI-MCCR-80031 requires tailoring to meet the needs of reusable
software components. The DID is intended for use in describing the design of a
single application Computer Software Configuration Item (CSCI). The DID has,
therefore, been tailored for describing the design of parts used individually
or on a group basis. In addition, elements of DI-MCCR-80031 were already
incorporated into the paragraph structure of the Top-Level Design Document
(TLDD) because the DID for that document does not provide enough detail to be
useful as a top-level design description for reusable parts. Appendix I
summarizes the modifications made to this DID to tailor it for the description
of the detailed design of reusable missile software parts.

I . ?
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SOFTWARE DETAILED DESIGN DOCUMENT
FOR THE

MISSILE SOFTWARE PARTS
OF THE

COMMON ADA MISSILE PACKAGES (CAMP)
PROJECT

1 SCOPE

1.1 IDENTIFICATION

This Software Detailed Design Document describes the detailed design for the
CSCI identified as the Common Ada Missile Packages (CAMP) Missile Software
Parts.

The CAMP-i program was a twelve-month feasibility study which the McDonnell
Douglas Astronautics Company performed under contract to the U.S. Air Force
Armament Laboratory (AFATL). This project had two primary objectives:

(1) To determine the feasibility of developing reusable missile software
components written in Ada; and,

(2) To determine the feasibility of developing an automated or
semi-automated missile software generation system.

The CAMP-2 program was a twenty-four-month study which the McDonnell Douglas
Astronautics Company performed under contract to the U.S. Air Force Armament
Laboratory (AFATL). The primary objectives of this project were:

(1) Prepare the detailed design for those parts receiving top-level design
under the CAMP-i program.

(2) Show that reusable software parts can result in significant
productivity and quality improvements.

(3) Implement an 11th missile application using CAMP parts.

* The detailed design of this CSCI meets the requirements which resulted from the
domain analysis performed during CAMP-I. Although software parts contained in
this CSCI are used by the software generator, there are no direct software or
hardware interfaces between the two CSCI's.

1.2 PURPOSE

The Missile Software Parts constitute a set of common software identifed under
the domain analysis of the CAMP study. These software parts are grouped into
Top-Level Computer Software Components (TLCSC's) and are divided into the
categories listed below.

' a. Data Types - TLCSC's which provide data types used in other TLCSC's or
T -a user application:
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o Basic Data Types TLCSC
o Kalman Filter Data Types TLCSC
o Autopilot Data Types TLCSC

b. Navigation - TLCSC's which provide the basic functionality of a
navigation sybsystem.

o Common Navigation Parts TLCSC
o North Pointing Navigation Parts TLCSC
o Wander Angle Navigation Parts TLCSC
o Direction Cosine Matrix Operations TLCSC

c. Kalman Filter - TLCSC's which provide common Kalman Filter functions.

o Common Kalman Filter TLCSC
o Compact-H Kalman Filter TLCSC
o Complicated-H Kalman Filter TLCSC

d. Guidance and Control - TLCSC's which provide the basic functionality
of a guidance and control subsystem.

o Waypoint Steering TLCSC
o Autopilot TLCSC

e. Nonudance Control - TLCSC's which provide the basic functionality of
a control subsystem for operations outside of the guidance area.

o Air Data TLCSC
o Fuel Control TLCSC

f. Mathematical - TLCSC's which provide a variety of useful mathematical
functions such as coordinate and matrix algebra, trigonometric, and
signal processing functions.

o Coordinate Algebra TLCSC
o Matrix Algebra TLCSC
o Geometric TLCSC
o Trigonometry TLCSC
o Unit Conversion TLCSC
o External Form Conversion TLCSC
o Signal Processing TLCSC
o General Purpose Math TLCSC
o Polynomial Math TLCSC
o Quaternion Math TLCSC

g. Abstract Mechanisms - TLCSC's which provide abstract data structures
and processes.

o Data Structures TLCSC

h. General Utilities - TLCSC's which provide other functions needed for
missile or other weapons system operation.

o General Utilities TLCSC
o Communication Parts TLCSC
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i. Equipment Interfaces - TLCSC's which provide functions needed to
interface with the hardware:

o Clock Handler TLCSC

The following lists the TLCSC's identified in the CAMP Top-Level Design
Document for which no detailed design exists. Detailed design is not required
for these parts either because they deal exclusively with data constants or
because they are schematic parts.

a. Data constants - TLCSC's which provide data constants used in a
tCycal application:

o WGS-72 Engineering TLCSC
o WGS-72 Metric TLCSC
o WGS-72 Unitless TLCSC
o Universal Constants TLCSC
o Conversion Factors TLCSC

b. Equipment Interfaces - TLCSC's which provide standard interfaces to
specific hardware components or to general classes of hardware.

o Radar Altimeter Interface TLCSC's
o Data Bus Handler TLCSC

c. Abstract Mechanisms - TLCSC's which provide abstract data structures
- and processes.

o Abstract Processes TLCSC (schematic part)

d. Process Management - TLCSC's which provide control of concurrent
processes and communication.

o Asynchronous Control TLCSC (schematic part)

1.3 INTRODUCTION

This Software Detailed Design Document (DDD) provides the detailed design
requirements of common missile software parts as stated in the Software

* Requirements Specification developed under Contract F08635-84-C-0280 of the
CAMP Program.

The following figure shows the organization of TLCSC's requiring detailed
design and the structure for the major section of this document, Section 3.3
(Detailed Design).

9

e,
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-- --------- _.-.-------------------

DATA TYPES ................................ 3.3.1
basic Data Type. TLCSC ...................... 3.3.1.1 3y

Kalman Filter Data Types TLCSC ....... .................. 3.3.1.2
Autopilot Data Types TLCSC ........ .................... 3.3.1.3

NAVIGATION ............ .............................. 3.3.2
Common Navigation Parts TLCSC ....... ................... .3.3.2.1
North Pointing Navigation Parts TLCSC ..... ............... 3.3.2.2
Wander Angle Navigation Parts TLCSC ..... ................ 3.3.2.3
Direction Cosine Matrix Operations TLCSC .... ............. 3.3.2.4

KAIMAN FILTER ..... ............................ 3.3.3
Common Kalman Filter Parts TLCSC ................. 3.3.3.1
Compact-H Kalman Filter Parts TLCSC ...... ................ .3.3.3.2
Complicated-H Kalman Filter Parts TLCSC .... .............. 3.3.3.3

GUIDANCE AND CONTROL ........... ......................... 3.3.4

Waypoint Steering TLCSC ......... ...................... 3.3.4.1
Autopilot TLCSC ........... .......................... 3.3.4.2

NONGUIDANCE AND CONTROL ......... ....................... 3.3.5
Air Data TLCSC ........... .......................... 3.3.5.1
Fuel Control TLCSC .......... ........................ 3.3.5.2

MATHEMATICAL ............ ............................. 3.3.6
Coordinate Vector/Matrix Algebra TLCSC ..... .............. 3.3.6.1
General Vector/Matrix Algebra TLCSC ...... ................ 3.3.6.2
Trigonometric TLCSC ......... ........................ 3.3.6.3
Geometric Algebra TLCSC ......... ...................... 3.3.6.4
Data Conversion ........... .......................... 3.3.6.5

Unit conversion TLCSC ........ ..................... 3.3.6.5.1
External form conversion TLCSC ...... ................ 3.3.6.5.2

Signal Processing TLCSC .............. . ....... .
General Purpose Math TLCSC ........ .................... 3.3.6.7
Polynomial TLCSC ........... ......................... 3.3.6.1
Quaternion Operations TLCSC ........ .................... 3.3.6.9

ABSTRACT MECHANISMS .......... ......................... 3.3.7
Abstract Data Structures TLCSC ....... .................. 3.3.7.1

GENERAL UTILITIES .......... .......................... 3.3.8
General Utilities TLCSC ......... ...................... 3.3.6.1
Communication TLCIC ......... ........................ 3.3.8.2

EQUIPNNT INTERFACES .......... ......................... 3.3.
clock Nandler TLCSC .......... ........................ 3.3.9.1

ORGANIZATION OF CAMP TLCSC'S

The following figure illustrates the top-level architecture and dependencies of
the TLCSC's. The top section of this figure shows the mathematical and data
type packages. These TLCSC's provide the data types and mathematical
operations to a user program or to other TLCSC's within the design, as shown by
the arrows. At the center of the figure are the primary missile TLCSC's:
Navigation, Kalman Filter, Guidance and Control, and Non-guidance Control.
These TLCSC's require data types and mathematical operators from other TLCSC's
and provide operations to the user program. On the right of the figure are
secondary missile TLCSC's. These also provide operations to a user program, as
illustrated by the arrows.

A
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2 APPLICABLE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

The following documents of the exact issue shown form a part of the specifica-
tion to the extent described herein. In the event of conflict between the

documents referenced herein and the contents of this document, the contents of
this document shall be considered a superseding requirement.

STANDARDS

MILITARY

MIL-STD-490 Specification Practices (4 June 1985)

MIL-STD-1815A Reference Manual for the Ada Programming
Language (17 February 1983)

DOD-STD-2167 Defense System Software Development
(4 June 1985)

Z OTHER PUBLICATIONS

CAMP Final Technical Report, Volume 1, 2, & 3 (4 September 1985)

Ada Missile Parts Engineering Expert System Software Requirements
¢ Specification (4 September 1985)

Ada Missile Parts Engineering Expert System Software Top-Level Design
Document (4 September 1985)

Ada Missile Parts Engineering Expert System Software Detailed Design
Document (Draft 30 August 1986)

CAMP Missile Software Parts Requirements Specification
.(4 September 1985)

CAMP Missile Software Parts Software Top-Level Design Document
(4 September 1985)

World Geodetic Survey, 1972 (WGS72). Defense Mapping Agency, DMA 72-1

2.2 NON-GOVERNMENT DOCUMENTS

The following documents of the exact issue shown form a part of the specifica-
6Ok tion to the extend specified herein. In the event of conflict between the

documents referenced herein and the contents of this specification, the
contents of this specification shall be considered a superseding requirement.

STANDARDS

Ada Design Language Reference Manual ((c) 1983, McDonnell Douglas
Astronautics Company)

OTHER PUBLICATIONS:
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VAX Ada Programmer's Run-Time Reference Manual (February, 1985, Digital Q

Equipment Corporation)

VAX Ada Language Reference Manual (February, 1985, Digital Equipment
Corporation)

Ae_
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'A \~yk 3 REQUIREMENTS

3.1 INTERFACE DESIGN

There are no interfaces between this CSCI and other CSCI's or CI's. Interfaces
between TLCSC's are described under Section 3.3 (Detailed Design).

3.2 GLOBAL DATA AND DATA TYPES

Global data and data types are provided by TLCSC's in the categories of data
constants and data types. The specific global objects and types declared in
these TLCSC's are discussed in sections 3.6.1 of the Software Top-Level Design
Document (Data Constants) and 3.3.1 of this document (Data Types).

ee
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3.3 DETAILED DESIGN

3.3.1 DATA TYPES

'4
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3.3.1.1 BASIC DATA TYPES (BODY) TLCSC P621 (CATALOG #P1093-0)

This part, which is designed as an Ada package, defines simple data types and
special operators for these data types.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.1.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R021.

3.3.1.1.2 LOCAL ENTITIES DESIGN

None.

3.3.1.1.3 INPUT/OUTPUT

None.

3.3.1.1.4 LOCAL DATA

p None.

3.3.1.1.5 PROCESS CONTROL

Not applicable.

3.3.1.1.6 PROCESSING

The following describes the processing performed by this part:

with Conversion Factors;
package body BasicDataTypes is

package CF renames Conversion Factors;
use Trig;

--- -------------------------------------------

-- --Define Operators for Basic Data Types-

--- -------------------------------------------

---- Acceleration * Interval ==> Velocity

function "*" (Left : Feet per SecondSquared;
Right : Seconds) -

return Feet Per Second is
Temp : FeetPer Secon?;

'begin
Temp Feet Per Second (Seconds (Left) * Right);
return Temp;

IV k



CAMP Software Detailed Design Document Page 14

end "*" ;

function "*"1 (Left : MetersperSecond_Squared;
Right : Seconds)
return Meters Per Second is

Temp MetersPerSecond;
begin

Temp Meters Per Second (Seconds (Left) * Right);
return Temp;

end "*":

-- Acceleration * Sin Cos Ratio ==> Acceleration

function "*" (Left : Feet_perSecond Squared;
Right : Trig.SinCosRatio) return FeetperSecond_Squared is

begin
return Left * Feet_perSecondSquared (Right);

end "*" ;

function 11*11 (Left : Meters_perSecond Squared;
o Right : Trig.Sin Cos Ratio)

return Metersper7Second_Squared is
~begin

return Left * Metersper SecondSquared (Right);
end .,*;

function "*" (Left : Gees;
Right : Trig.SinCosRatio) return Gees is' begin

return Left * Gees (Right);
end ""

--Acceleration * Tan Ratio ==> Acceleration

function "*" (Left : FeetperSecondSquared;
Right : Trig.TanRatio) return Feetper Second Squared is

begin
return Left * Feet_perSecondSquared (Right);

end "*" ;

[ function "*" (Left : Meters per Second Squared;
Right : Trig.TanRatio) return Metersper_Second_Squared is

begin
return Left * Meters_perSecondSquared (Right);

end "*"•

* function "*" (Left : Gees; Right : Trig.TanRatio) return Gees is
begin

return Left * Gees (Right);
end "*" •

-- --AngularVelocity * AngularVelocity ==> AngularVelocity Squared

function "*" (Left : RadiansperSecond;
Right : Radians-per -Second)
return Radians_SquaredperSecondSquared is
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Temp Radians_perSecond;
begin

Temp Left * Right;
return RadiansSquared_perSecondSquared (Temp);

end "*ht;

function "1*" (Left : Degrees_perSecond;
Right : Degrees_per_Second)
return Degrees Squared perSecondSquared is

Temp : Degreesper Second;
begin

Temp Left * Right;
return DegreesSquared_perSecondSquared (Temp);

end "*";

function "*" (Left : Semicircies_perSecond;
Right : Semicircies perSecond)

return Semicircles SquaredperSecondSquared is
Temp : Semicircles_perSecond;

begin
Temp := Left * Right;
return SemicirclesSquaredper SecondSquared (Temp);

end "*It;

---- Angular Velocity /Sin Cos Ratio .=> Angular Velocity

function "/" (Left : Radians Per Second;
Right : Trig.SiiiCos Ratio)
return RadiansPerSecond is

begin
return Left / Radians Per Second (Right);

end "/";

--- Angular Velocity * Tan Ratio ==> Angular Velocity

function "*" (Left : Radians Per Second;
Right : Trig.Tan Ratio)
return RadiansPer-_Second is

begin
return Left * RadiansPerSecond (Right);

end If*";

-- AngularVelocity * TimeInterval ==> Angle

function "*" (Left : Degrees Per Second;
Right : SecondsT return Trig.Degrees is

begin
return Trig.Degrees (Right * Seconds (Left));

end "*";

function "*"' (Left : Radians Per Second;
Right : SecondsT return Trig.Radians is

begin
return Trig.Radians (Right * Seconds (Left));

end "*"t;

---- Angular Velocity * Time Interval ==> Earth Position

0.
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function "*" (Left : Radians Per Second;
Right : Seconds)
return EarthPositionRadians is

begin
return EarthPositionRadians (Seconds (Left) * Right);

end "*" •

-- AngularVelocity * Velocity ==> Acceleration

function "*" (Left : Radians_perSecond;
Right: MetersPer_Second)
return Meters Per Second Squared is

Temp : MetersPerSecond; -

begin
Temp := Meters Per Second (Left) * Right;
return Meters Per SecondSquared (Temp);

end "*";

function "*" (Left : RadiansperSecond;
Right : Feet Per Second)
return Feet PerSecond_Squared is

Temp : Feet PerSecond;
begin

Temp := Feet Per Second (Left) * Right;
return Feet Per_SecondSquared (Temp);

end "*";

----Distance * 1/Distance ==> Sin Cos Ratio

function "*" (Left : Feet;
Right : InverseFeet) return Trig.SinCosRatio is

begin
return Trig.SinCosRatio (Left * Feet (Right));

end "*";

function "*" (Left : Meters;
Right : InverseMeters) return Trig.Sin_CosRatio is

begin
4 return Trig.SinCosRatio (Left * Meters (Right));

end "*It;

---- Distance * I/Distance ==> TanRatio

function "*" (Left : Feet;
Right : Inverse Feet) return Trig.TanRatio is

begin
return Trig.TanRatio (Lef. * Feet (Right));

end "*";

function "*" (Left : Meters;
Right : InverseMeters) return Trig.TanRatio is0 begin

return Trig.TanRatio (Left * Meters (Right));

end"*;
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...--Distance * INTEGER ==> Distance

function "*" (Left Feet; Right INTEGER) return Feet is
begin

return Left * Feet (Right);
end "*""

function "*" (Left : Meters; Right : INTEGER) return Meters is
begin

return Left * Meters (Right);
end "*""

---- Distance * Tan Ratio => Distance

function "*" (Left : Feet;
Right : Trig.TanRatio) return Feet is

begin
return Left * Feet (Right);

end "*";

function "*" (Left : Meters;
Right : Trig.TanRatio) return Meters is

begin
return Left * Meters (Right);

end "*";

-- --Distance * SinCosRatio ..> Distance

function "*" (Left : Feet; Right : Trig.SinCosRatio) return Feet is
begin

return Left * Feet (Right);

end i;

function "*" (Left : Meters; Right : Trig.SinCos Ratio) return Meters is
begin

return Left * Meters (Right);
end "*""

-- --Distance * Velocity => TanRatio;

function "*" (Left : Feet;
Right Feet Per Second) return Trig.TanRatio is

Temp : Feet;
begin

Temp := Left * Feet (Right);
return Trig.TanRatio (Temp);

end "1*"t;

function "1*"I (Left : Meters;
Right : MetersPer Second) return Trig.TanRatio is

Temp : Meters;
begin

Temp := Left * Meters (Right);
return Trig.TanRatio (Temp);

end "*I';

S.W
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---- INTEGER * Sin Cos Ratio ==> Sin Cos Ratio

function "*" (Left : INTEGER;
Right : Trig.Sin_CosRatio) return Trig.SinCosRatio is

begin
return Trig.SinCosRatio (Left) * Right;

end "*" ;

-- --InverseDistances * Tan Ratio ==> Inverse Distances

function "*" (Left Inverse Feet;

Right : Trig.Tan Ratio) return Inverse Feet is
begin

return Left * InverseFeet(Right);
end "*" ;

function "*" (Left : Inverse Meters;
Right : Trig.TanRatio) return InverseMeters is

begin
return Left * InverseMeters(Right);

end t~t

--- Sin Cos Ratio * Angular Velocity ==> Angular Velocity

function "*" (Left : Trig.Sin Cos Ratio;
Right : Radians Per Second)
return RadiansPerSecond is

begin
return RadiansPerSecond (Left) * Right;

end "*";

-- Sin Cos Ratio * Distance ==> Distazae
function ""(Left :Trig.SinCos Ratio; Right :Feet) return Feet is

begin
return Feet (Left) * Right;~~end"*;

function "*" (Left : Trig.SinCosRatio; Right : Meters) return Meters is
begin

return Meters (Left) * Right;

end "

---- Sin Cos Ratio * Tan Ratio => Tan Ratio
function "*" (Left : Trig.Sin Cos Ratio;

Right : Trig.Tan Ratlo)
bi return Trig.TanRatio isbegin-

return Trig.Tan Ratio (Left) * Right;
end "*"I;

---Sin CosRatio * Velocity ==> Velocity

function "*" (Left : Trig.Sin Cos Ratio;
Right : FeetPerSecond) return FeetPerSecond is

NrW
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begin
return FeetPerSecond (Left) * Right;

end "*"'

function "*" (Left : Trig.Sin Cos Ratio;
Right : MetersPerSecond) return Meters Per Second is

begin
return Meters Per Second (Left) * Right;

end "*";

---Tan Ratio * Sin Cos Ratio => Tan Ratio
function "*" (Left : Trig.TanRatio;

Right : Trig.Sin Cos Ratio)
return Trig.TanRatio-is

begin
return Left * Trig.TanRatio (Right);

end "*";

- .. --Velocity * Inverse-Distances ==> Angular-Velocity

function 1*"1 (Left : Feet_perSecond;
Right : Inverse_Feet) return Radiansper Second is

'begin
return Radians per Second(Left) * Radians_perSecond(Right);

end "*"-

function "*" (Left : Meters_perSecond;
Right : InverseMeters) return Radians per Second is

begin
return Radians_perSecond(Left) * Radians_perSecond(Right);

end "*"-

---- Velocity * Sin Cos Ratio ==> Velocity

function "*" (Left : FeetperSecond;
Right : Trig.Sin_CosRatio) return Feet per Second isbegin- -

return Left * Feetper Second (Right);
* . end "*";

function "*" (Left : Meters per Second;
Right : Trig.STnCosRatio) return Metersper Second is

begin
return Left * Meters_perSecond (Right);

AOt end "*";

---Velocity * Velocity ==> Velocity Squared

function "t*"1 (Left : FeetperSecond;
Right : Feet per Second)
return Feet Squared perSecondSquared is

Temp : Feet_perSecona;
begin

Temp := Left * Right;
return FeetSquared_perSecond_Squared (Temp);

A -W y~ N WN NN'
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end "*" ;

function "*" (Left : Metersper Second;
Right : Meters_perSecond)
return Meters_Squared_perSecondSquared is

Temp Meters_perSecond;
begin

Temp Left * Right;
return Meters_Squared_perSecondSquared (Temp);

end "9*"9;

---- Velocity * Interval ==> Distance

function "*" (Left : Feet_perSecond; Right : Seconds) return Feet is
Temp : Feet_perSecond;

begin
Temp := Left * Feet_perSecond (Right);
return Feet (Temp);

end "*" ;

function "*" (Left : Meters_perSecond;
Right : Seconds) return Meters is

Temp : Meters_perSecond;
begin

Temp := Left * MetersperSecond (Right);
return Meters (Temp);

end .,*;

---- Times Operators to Support DCM TLCSC

function "*" (Left : Radians Per Second;
Right : Trig.SiiiCo-_Ratio) return RadiansPerSecond is

begin

return Left * Radians Per Second (Right);
end "*" •

function "*" (Left : Radians Per Second;
Right : Seconds) return Trig.Sin Cos Ratio is

begin
return Trig.SinCosRatio (Seconds (Left) * Right);

end 9*""

function "*" (Left : Trig.Sin Cos Ratio;
Right : Trig.SinCosRatio) return Trig.Radians is

Temp : Trig.SinCosRatio;
begin

Temp := Left * Right;
return Trig.Radians (Temp);

end "*";

function "*" (Left : Trig.Sin Cos Ratio;
Right : Trig.RadiansT return Trig.SinCosRatio is

begin
return Left *Trig.SinCosRatio (Right);

end "*"9•

Sop
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-- -.Acceleration / Velocity ==> Angular Rate

function "/" (Left : Feet_per_SecondSquared;
Right : FeetperSecond) return RadiansperSecond is

begin
return RadiansperSecond (Left / FeetperSecondSquared (Right));

end "/";

function 11/" (Left : Meters -perSecond Squared;
Right : MetersperSecond) return Radians_perSecond is

begin
return Radians_per_Second (Left / Meters_perSecondSquared (Right));

end "/";

function "t/"1 (Left : Gees;
Right : Feetper Second) return Radians_per Second is

begin
return Radians_perSecond ((CF.Feet_perSec2_perGee * Left)

I Gees (Right));
end "t/";

Right : MetersperSecond) return RadiansperSecond is
begin

return RadiansperSecond (Gees (CF.Meters perSec2_perGee) * Left
/ Gees (Right));

end "f"f

function "/" (Left : Feet_perSecond Squared;
Right : Feet per-Second) return Degreesper Second is

Answer : Feet_perSecondSquared;
begin

Answer := Left / FeetperSecondSquared (Right)
* Feet_perSecond_Squared (CF.Degrees_perRadian);

return Degrees_per_Second (Answer);
end "/";

function "t/"1 (Left : Meters_perSecond Squared;
Right : Meters per -Second) return DegreesperSecond is

Answer : MetersperSecondSquared;
begin

Answer := Left / Meters_perSecondSquared (Right)
* Metersper Second Squared (CF.DegreesperRadian);

return Degrees_perSecond (Answer);
end ti/I;

function "/" (Left : Gees;

Right : Feet_per_Second) return Degrees_perSecond is
Answer : Gees;

begin
Answer := Gees (CF.Feet per Sec2 per Gee) * Left

/ Gees (Right) * Gees (CF.DegreesperRadian);
return Degrees_perSecond (Answer);

end "/";

function It/It (Left : Gees;

O,| I
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Right : MetersperSecond) return Degrees_perSecond is
Answer Gees;

begin
Answer := Gees(CF.Meters per Sec2_perGee) * Left

I Gees (Right) * Gees (CF.Degrees_perRadian);
return Degrees_per Second (Answer);

end "/i

-- Angle I Seconds ==> Angular Rate

function "/" (Left : Trig.Radians;
Right : Seconds)
return RadiansperSecond is

begin
return RadiansPerSecond (Seconds (Left) / Right);

end "I";

function "1/"1 (Left : Trig.Degrees;
Right : Seconds)
return DegreesPer Second is

begin
return DegreesPerSecond (Seconds (Left) / Right);

end "I";

function "I" (Left : Trig.Semicircles;
Right : Seconds)
return SemicirclesPerSecond is

begin
return SemicirclesPerSecond (Seconds (Left) / Right);

end "I";

----Distance / Sin Cos Ratio ==> Distance

function "/" (Left : Feet; Right : Trig.Sin Cos Ratio) return Feet is
begin

return Left / Feet (Right);
end "1";

function "I" (Left : Meters; Right : Trlg.SinCosRatio) return Meters is

begin
return Left / Meters (Right);

end "/i

---- Distance / Tan Ratio ==> Distance

function "/" (Left : Feet; Right : Trig.TanRatio) return Feet is
begin

return Left / Feet (Right);
end "I"I

function "/" (Left : Meters; Right : Trig.TanRatio) return Meters is
begin

return Left / Meters (Right);
end I/"I;

%I
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---- Distance / Distance ==> Sin Cos Ratio

function t"/"1 (Left : Feet;
Right : Feet) return Trig.SinCosRatio is

Temp : Feet;
begin

Temp Left / Right;
return Trig.SinCosRatio (Temp);

end "I";

function "/" (Left : Meters;
Right : Meters) return Trig.Sin Cos Ratio is

Temp Meters;
begin

Temp := Left / Right;
return Trig.Sin Cos Ratio (Temp);

end "1/";

---- TanRatio := SinCosRatio / SinCosRatio

o function "1/"1 (Left : Trig.Sin Cos-Ratio;

Right .: Trig.Sin-CosRatio) return
Trig.Tan Ratio is

begin
return Trig.Tan Ratio (Left) / Trig.Tan Ratio (Right);

end "/";

---- Tan Ratio := Sin Cos Ratio / Tan Ratio

function "/" (Left : Trig.Sin Cos Ratio;
Right : Trig.Tan-RatTo) return Trig.Tanratio is

begin
return Trig.TanRatio (Left) / Right;

end "/";

---- Velocity / Velocity ==> SinCosRatio

function "I/" (Left : Feet_perSecond;
: TmRight : FeetperSecond) return Trig.SinCosRatio is

Temp : Feetper_Second;
begin

Temp := Left / Right;
return Trig.SinCosRatio (Temp);

end "I";

function "I/" (Left : Meters_per_Second;
Right : Meters_per_Second)
return Trig.SinCosRatio is

Temp Meters_perSecond;
begin

Temp :=Left / Right;
return Trig.SinCos Ratio (Temp);~end ""

---- Velocity / Velocity ==> TanRatio

NY
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function "/" (Left : Feet_perSecond;
Right : FeetPerSecond) return Trig.TanRatio is

Temp : Feet_PerSecond;
begin

Temp Left / Right;
return Trig.Tan Ratio (Temp);

end "/" ;

function I"/I" (Left : Meters_per_Second;
Right : Meters Per Second) return Trig.TanRatio is

Temp,: Meters Per Second;
begin

Temp := Left / Right;
return Trig.TanRatio (Temp);

end "/";

---- Velocity / Time ==> Acceleration
function "/" (Left : Feet_perSecond;

Right: Seconds)
return FeetPerSecondSquared is

* begin
return FeetPerSecondSquared (Seconds (Left) / Right);

end "/i;

function "I" (Left : Meters per Second;
Right : Seconds) -

return MetersPerSecond Squared is
begin

return MetersPer Second_Squared (Seconds (Left) / Right);
end "i/";

---- Velocity / Distance ==> Angular Rate

function "I"/1 (Left : Feet per Second;
Right : Feet)
return Radians_perSecond is

Temp : Feet;
begin

Temp := Feet(Left) / Right;
return RadiansPerSecond (Temp);

* end iI";

function "f/if (Left : Meters_per_Second;
Right : Meters)
return RadiansperSecond is

Temp : Meters;
begin

Temp Meters(Left) / Right;
return Radians Per Second (Temp);

end "l/";

---Tan Ratio := Tan Ratio + Sin Cos Ratio

function "+" (Left : Trig.TanRatio;
Right : Trig.Sin_CosRatio) return Trig.TanRatio is

XN
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begin
return Left + Trig.TanRatio (Right);

end "+".

end Basic Data Types;

3.3.1.1.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with'd by this part:
1. SYSTEM (a predefined part of the Ada environment)
2. StandardTrig (P689)
3. Conversion Factors (P614)

3.3.1.1.8 LIMITATIONS

None.

3.3.1.1.9 LLCSC DESIGN

None.

3.3.1.1.10 UNIT DESIGN

S None.

)J
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with Conversion Factors;
package body BasicDataTypes is

package Cf renames Conversion Factors;
use Trig;

---- Define Operators for Basic Data Types-

---- Acceleration * Interval = > Velocity

function "*" (Left : Feet Per SecondSquared;
Right : Seconds)-
return Feet Per Second is

Temp : Feet PerSecond;
begin

Temp := Feet PerSecond (Seconds (Left) * Right);
return Temp;

end "*""

function "*"1 (Left : Meters Per SecondSquared;
Right : Seconds)
return Meters Per Second is

Temp : Meters Per Secona; -

A "begin
Temp := MetersPer Second (Seconds (Left) * Right);

507 return Temp;
end "*"1

.. -- Acceleration * Sin Cos Ratio = => Acceleration

function "*" (Left : Feet Per Second Squared;
Right : Trig.SiCosRatio) return FeetPerSecondSquared is

begin
return Left * FeetPerSecond_Squared (Right);

end t*";

function "I*" (Left : Meters Per Second Squared;
Right : Trig.STnCos Ratio)
return MetersPer SecondSquared is

begin
return Left * MetersPerSecondSquared (Right);

end "*If;
function "*" (Left : Gees;

Right : Trig.SinCosRatio) return Gees is
begin

return Left * Gees (Right);
end "*" ;

-Acceleration * Tan Ratio = => Acceleration

function "*" (Left : Feet Per Second Squared;
Right : Trig.TanRatio)-return FeetPerSecondSquared is

begin
return Left * FeetPerSecondSquared (Right);
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end "*" ;

function "*"1 (Left : Meters Per Second_Squared;
Right : Trig.Tan Ratio) return MetersPerSecond_Squared is

begin
return Left * MetersPerSecondSquared (Right);

end 11*11;

function "*"1 (Left : Gees; Right : Trig.TanRatio) return Gees is
begin

return Left * Gees (Right);
end "*"•

--.. Angular Velocity * Angular Velocity = => Angular Velocity Squared

function "*" (Left : Radians Per Second;
Right : Radians-Per-Second)
return Radians_SquaredPerSecondSquared is

Temp : RadiansPerSecond;
begin

Temp := Left * Right;
return Radians_Squared PerSecond Squared (Temp);

end "*";

function "*" (Left : DegreesPer Second;
Right : Degrees Per Second)
return Degrees SquaredPerSecondSquared is

Temp : DegreesPerSecon;
begin

Temp := Left * Right;
return DegreesSquared Per SecondSquared (Temp);

end "*It;

function "*" (Left : Semicircles Per Second;
Right : Semicircles-Per-Second)
return Semicircles Squared PerSecondSquared is

Temp : SemicirclesPerSecond; - -
begin

T,.mp := Left * Right;
Sdreturn SemicirclesSquaredPerSecondSquared (Temp);

end *;

Angular Velocity / Sin Cos Ratio = => Angular Velocity

function "I/" (Left : Radians Per Second;
Right : Trig.Sin Cos Ratio.)
return RadiansPerSecond is

begin
return Left / Radians Per Second (Right);

end "/";

..-- Angular Velocity * Tan Ratio = => Angular Velocity

function "*" (Left : Radians Per Second;
Right : Trig.Tan Ratio)
return RadiansPer-Second is

6;c" kru
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begin
return Left * RadiansPerSecond (Right);

end "*"t;

--..- Angular Velocity * Time Interval ==>Angle

function "*" (Left : Degrees Per Second;
Right : Seconds) return Trig.Degrees is

begin
return Trig.Degrees (Right * Seconds (Left));

end If*";

function "*" (Left : Radians Per Second;
Right : Seconds) return Trig.Radians is

begin
* return Trig.Radians (Right * Seconds (Left));

end "*""

---- Angular Velocity * Time Interval = => Earth Position

function "*" (Left : Radians Per Second;
Right : Seconds)
return Earth Position Radians is'

begin
return EarthPosition Radians (Seconds (Left) * Right);

end "*""

CJ ... -- AngularVelocity * Velocity ==> Acceleration

function "*" (Left : Radians Per Second;
Right : Keters PerSecond)
return Meters Per Second Squared is

Temp : MetersPerSeconU; -
begin

Temp := Meters Per Second (Left) * Right;
return MetersPerSecondSquared (Temp);

end "*"," '

function "1*" (Left : Radians Per Second;
Right : Feet Pe Se~ond)
return Feet Per SecondSquared is

Temp : FeetPerSecond; -

begin
Temp := Feet Per Second (Left) * Right;
return FeetferSecondSquared (Temp);

end "*t; I

--.. Distance * I/Distance = => Sin Cos.Ratio

function "*" (Left : Feet;
Right : Inverse Feet) return Trig.SinCosRatio is

begin
return Trig.SinCosRatio (Left * Feet (Right));

end tH

function "*" (Left : Meters;

1;., -N
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Right : InverseMeters) return Trig.SinCosRatio is
begin

return Trig.SinCos Ratio (Left * Meters (Right));
end "*" '

--- Distance * i/Distance = => Tan Ratio

function "*" (Left : Feet;
Right : Inverse-Feet) return Trig.TanRatio is

begin
return Trig.TanRatio (Left * Feet (Right));

end 11*";

function "*" (Left : Meters;
Right : InverseMeters) return Trig.TanRatio is

begin
return Trig.TanRatio (Left * Meters (Right));

end "*""

--.. Distance * INTEGER = => Distance

function "*" (Left : Feet; Right : INTEGER) return Feet is
begin

return Left * Feet (Right);
end "*";

function "*" (Left : Meters; Right : INTEGER) return Meters is
begin

return Left * Meters (Right);
end "*" ;

--- Distance * Tan Ratio = > Distance

function "*" (Left : Feet;
Right : Trig.TanRatio) return Feet is

begin
return Left * Feet (Right);

end "1*t;

function "*" (Left : Meters;
*Right : Trig.TanRatio) return Meters is

begin
return Left * Meters (Right);

end "*"

-- Distance * Sin Cos.Ratio = => Distance

function 11*11 (Left : Feet; Right : Trig.Sin_CosRatio) return Feet is
begin

return Left * Feet (Right);
end "*" ;

function "*" (Left : Meters; Right : Trig.Sin CosRatio) return Meters is

begin
return Left * Meters (Right);

Send
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.. -- Distance * Velocity => Tan-Ratio;

function "1*"t (Left : Feet;

Right : FeetPerSecond) return Trig.TanRatio is
Temp Feet;

begin
Temp Left * Feet (Right);
return Trig.TanRatio (Temp);

end "*""

function "1*"1 (Left : Meters;
Right : MetersPerSecond) return Trig.TanRatio is

Temp : Meters;
begin

Temp "= Left * Meters (Right);
return Trig.TanRatio (Temp);

end It*";

..-- INTEGER * Sin Cos Ratio = => Sin Cos Ratio

function 11*11 (Left : INTEGER;
Right : Trig.Sin CosRatio) return Trig.SinCosRatio is

begin
return Trig.Sin Cos Ratio (Left) * Right;

end "*""

-- .. Inverse Distances * Tan Ratio = => Inverse Distances

function "*" (Left : Inverse Feet;
Right : Trig.TanRatio) return InverseFeet is

begin
return Left * InverseFeet(Right);

end "*";

function "*"1 (Left : Inverse Meters;
Right : Trig.TanRatio) return InverseMeters is

begin
return Left * InverseMeters(Right);

end "*" ;

.. -- Sin Cos Ratio * Angular Velocity = => Angular Velocity

function "1*"1 (Left : Trig.Sin Cos Ratio;
Right : Radians _er _econd)
return Radians Per Second is

begin
return RadiansPerSecond (Left) * Right;

end "*""

.. -- Sin Cos Ratio * Distance = => Distance

function "*" (Left : Trig.SinCosRatio; Right : Feet) return Feet is
begin

return Feet (Left) * Right;

%
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end ,',I.

function "*" (Left : Trig.Sin_CosRatio; Right : Meters) return Meters is
begin

return leters (Left) * Right;
end 11*";

--.. Sin Cos Ratio * Tan Ratio = > Tan Ratio
function "*"1 (Left : Trig.Sin Cos Ratio;

Right : Trig.Tan-Ratio)
return Trig.TanRatio is

begin
return Trig.TanRatio (Left) * Right;

end "*";

.. -- Sin Cos Ratio " Velocity = => Velocity

function "1*" (Left : Trig.Sin Cos Ratio;
Right FeetPer-Second) return Feet Per Second is

begin- -

return FeetPerSecond (Left) * Right;
end *;

function "*" (Left : Trig.Sin Cos Ratio;
Right : MetersPerSicond) return Meters Per Second is

begin
return MetersPer Second (Left) * Right;I ~~end " '

N .. -- Tan Ratio * Sin Cos Ratio = > Tan Ratio
function "*" (Left : Trig.Tan Ratio;

Right : Trig.Sin CosRatio)
return Trig.Tan Ratio is

begin
return Left * Trig.TanRatio (Right);

end "*1?;

.... -- Velocity * Inverse-Distances = => Angular Velocity

function "*" (Left : Feet Per Second;
Right : InveirseFeet) return RadiansPerSecond is

begin
return RadiansPerSecond(Left) * RadiansPerSecond(Right);

end "*" ;

I kfunction "*" (Left : Meters Per Second;
Right : Inverse Meters) return RadiansPerSecond is

begin
return Radians Per Second(Left) * Radians Per Second(Right);

end "*"t;

.... -- Velocity * Sin Cos Ratio = => Velocity

Ifunction "*" (Left Feet Per Second;
Right Trig.Sin-CosRatio) return FeetPerSecond is

, or k 
S&0
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begin
return Left * FeetPerSecond (Right);

end "*""

function "1*1 (Left : Meters Per Second;
Right : Trig.Sln_Cos Ratio) return MetersPer Second is

begin

return Left * MetersPer Second (Right);
end "*" ;

--.. Velocity * Velocity = => Velocity Squared

function "1*"1 (Left : Feet-Per Second;
Right : Feet Per Second)
return Feet SquaredPer_Second_Squared is

Temp : FeetPerSecon;
begin

Temp := Left * Right;
return FeetSquared_PerSecondSquared (Temp);

end 1*";

function "1*1" (Left : MetersPerSecond;
Right : Meters Per Second)
return Meters Squared Per SecondSquared is

Temp : MetersPerSecond;
begin

Temp := Left * Right;
return Meters_SquaredPerSecondSquared (Temp);.:' -- end "* ;

-. Velocity * Interval = => Distance
i function "*" (Left : Feet PerSecond; Right :Seconds) return Feet is

Temp : FeetPerSecond;-
begin

Temp := Left * FeetPer Second (Right);
return Feet (Temp);

end "*"?;

function "*" (Left : Meters Per Second;
Right : Seconds) return Meters is

Temp : MetersPerSecond;
begin

Temp := Left * Meters Per Second (Right);
return Meters (Temp);

end "*"';

-- Times Operators to Support DCM TLCSC

function "1*"1 (Left : Radians Per Second;
Right : Trig.Sin_CosRatio) return RadiansPerSecond is

begin
return Left * RadiansPerSecond (Right);

end tt*-- -

function "*" (Left : Radians Per Second;
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Right : Seconds) return Trig.Sin Cos Ratio is

begin
return Trig.SinCosRatio (Seconds (Left) * Right);

end ""

function "*"1 (Left : Trig.Sin Cos-Ratio;
Right : Trig.Sin Cos Ratio) return Trig.Radians is

Temp Trig.SinCos Ratio;
begin

Temp := Left * Right;
return Trig.Radians (Temp);

end "*";

function "*" (Left : Trig.Sin Cos Ratio;
Right : Trig.Radians-) return Trig.Sin Cos Ratio is

begin_ _

return Left * Trig.SinCosRatio (Right);
end "*I?;

--.. Acceleration / Velocity = => Angular Rate

function "/" (Left : Feet Per Second Squared;
Right : FeetPerSecond5 return RadiansPerSecond is

begin
return RadiansPerSecond (Left / FeetPer SicondSquared (Right));

end "/";

function "I" (Left : Meters Per Second Squared;
Right : MetersPerSecondl return RadiansPerSecond is

beginreturn Radians PerSecond (Left / MetersPerSecondSquared (Right));

end I/"l;

function "I/" (Left : Gees;

begin Right : FeetPerSecond) return RadiansPerSecond 
is

return Radians Per Second ((Cf.Feet Per Sec2 Per Gee * Left)
I Gees (Right));

end "Ip;

function I/" (Left : Gees;
Right : MetersPerSecond) return Radians PerSecond is

begin- -

return Radians Per Second (Gees (CfMeters Per Sec2 Per Gee) * Left-- / Gees (Right))7-,-
end "/ ";

function "/" (Left : Feet Per Second Squared;
Right : FeetPer-SecondT return Degrees Per Second is

Answer : FeetPerSecond Squared;
begin

Answer Left / Feet Per SecondSquared (Right)
Feet Per Second Squared (Cf.Degrees Per Radian);

return DegreesPerSecond (Answer);
end "/";

.1
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function "/" (Left : Meters Per Second Squared;
Right : MetersPerSecond) return Degrees_PerSecond is

Answer MetersPerSecondSquared;
begin

Answer Left / MetersPer SecondSquared (Right)
* MetersPerSecond Squared (Cf.DegreesPerRadian);

return DegreesPerSecond (Answer);
end i/" ;

function "/" (Left : Gees;
Right : FeetPerSecond) return DegreesPerSecond is

Answer : Gees;
begin

Answer := Gees (Cf.Feet Per Sec2 Per Gee) * Left
/ Gees (Right) * Gees TCf.DegreesPerRadian);

return DegreesPerSecond (Answer);
end "/";

function "I" (Left : Gees;
Right : MetersPerSecond) return DegreesPerSecond is

Answer : Gees;
begin

Answer := Gees(Cf.Meters Per Sec2 Per Gee) * Left
/ Gees (Right) * Gees (Cf.DegreesPerRadian);

return DegreesPerSecond (Answer);
end "/I?;

--- Angle / Seconds = => Angular Rate

function "/" (Left : Trig.Radians;
Right : Seconds)
return RadiansPerSecond is

begin
return Radians Per Second (Seconds (Left) / Right);

end "/";

function "I/" (Left : Trig.Degrees;
Right : Seconds)
return DegreesPerSecond is

begin
return DegreesPerSecond (Seconds (Left) / Right);

end "tI;

function "/" (Left : Trig.Semicircles;
Right : Seconds)
return SemicirclesPerSecond is

begin
return Semicircles Per Second (Seconds (Left) / Right);

end I1/I;

.. -- Distance / Sin Cos Ratio = => Distance

function I/" (Left Feet; Right :Trig.SinCosRatio) return Feet is
begin

return Left / Feet (Right);

owl Ir %
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end "/";

function "t/I" (Left : Meters; Right Trig.SinCosRatio) return Meters is
begin

return Left / Meters (Right);
end I/t;

---- Distance / Tan Ratio = => Distance

function t"/"t (Left : Feet; Right : Trig.TanRatio) return Feet is
begin

return Left / Feet (Right);
end "i" ;

function "i/ti (Left : Meters; Right : Trig.TanRatio) return Meters is
begin

return Left / Meters (Right);
end I/";

---- Distance / Distance => Sin Cos Ratio

function ti/ti (Left : Feet;
Right : Feet) return Trig.Sin Cos Ratio is

Temp : Feet;
begin

Temp := Left / Right;
return Trig.SinCosRatio (Temp);

end "/";

function "/" (Left : Meters;
Right : Meters) return Trig.Sin Cos Ratio is

Temp : Meters;
begin

Temp := Left / Right;
return Trig.SinCosRatio (Temp);

end t/ it;

.. -- Tan-Ratio = Sin Cos Ratio / SinCos Ratio

function "/" (Left : Trig.Sin Cos Ratio;
Right : Trig.Sin-Cos-Ratio) return

Trig.Tan Ratio is
begin

return Trig.TanRatio (Left) / Trig.TanRatio (Right);
end i/it;

.. Tan Ratio = Sin Cos Ratio / Tan Ratio

function ti/"t (Left : Trig. Sin Cos Ratio;
Right : Trig.Tan_Ratio) return Trig.Tan Ratio is

begin

return Trig.TanRatio (Left) / Right;
end it/t ; ,

.. -- Velocity / Velocity = => Sin Cos Ratio

-, - - :I
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function ti/Il (Left : Feet Per Second;
Right : FeetPerSecond) return Trig.Sin Cos Ratio is

Temp FeetPerSecond;
begin

Temp Left / Right;
return Trig.SinCos-Ratio (Temp);

end "1/";

function "/" (Left : MetersPer Second;
Right : Meters PerSecond)
return Trig.SinCos Ratio is

Temp : MetersPerSecond;
begin

Temp := Left I Right;
return Trig.SinCos Ratio (Temp);3 end it/";t

.. -- Velocity / Velocity = => Tan-Ratio

function "1/"1 (Left : Feet Per Second;
Right : FeetPerSecond) return Trig.TanRatio is

Temp : FeetPer Second;
begin

Temp := Left / Right;
return Trig.TanRatio (Temp) ;

~end "/";

function "/" (Left : Meters-Per_-Second;
Right : Meters Per Second) return Trig.Tan Ratio is

Temp • MetersPerSecond;
begin

Temp := Left / Right;
return Trig.TanRatio (Temp);

end it/I ;

--.. Velocity / Time = => Acceleration
function "/" (Left : Feet Per Second;

Right : Seconds)-
return FeetPerSecondSquared is

* begin
return FeetPerSecond_Squared (Seconds (Left) / Right);

end t/if;

function "/" (Left : Meters Per Second;
Right : Seconds)

begin return Meters Per SecondSquared 
is

return MetersPerSecond_Squared (Seconds (Left) / Right);
end I"/i ;

.. -- Velocity / Distance = => Angular Rate

function "/" (Left : Feet Per Second;
Right : FeetT
return RadiansPerSecond is

Temp : Feet;

V 'i
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begin
Temp Feet(Left) / Right;
return RadiansPerSecond (Temp);

end u/ ;

function "/" (Left : Meters PerSecond;
Right : Meters)
return Radians Per Second is

Temp : Meters;
begin

Temp := Meters(Left) / Right;
return RadiansPerSecond (Temp);

end "I";

--. Tan Ratio Tan-Ratio + Sin Cos Ratio

function "+" (Left : Trig.TanRatio;

Right : Trig.Sin_CosRatio) 
return Trig.TanRatio is

begin
return Left + Trig.Tan Ratio (Right);-O J ~end "+"

end BasicData_Types;

4
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3.3.1.2 KALMAN FILTER DATA TYPES (BODY) TLCSC P622 (CATALOG #P158-O)

This part, which is designed as an Ada generic package, defines data types (and
operators on those data types) used in a Kalman Filter.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.1.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R023

3.3.1.2.2 LOCAL ENTITIES DESIGN

None.

3.3.1.2.3 INPUT/OUTPUT

* GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name i Base Type i Description .

IState Indices I Discrete I Indexes the matrices which are
type a function of the _ of statesi

IMeasurement I Discrete I Indexes the matrices which are
Indices type a function of the J of

measurements
IKalman Filter Ifloating lElements making up the
I Ele-ments I point type I matrices of the Kalman

I I Filter

3.3.1.2.4 LOCAL DATA

None.

3.3.1.2.5 PROCESS CONTROL

Not applicable.

3.3.1.2.6 PROCESSING

'& The following describes the processing performed by this part:

package body KalmanFilterDataTypes is

S .N
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...--NAME: ActiveHVector

function Active_HVector (Source : M_By_N_StaticallySparse.Matrices;
Row : Measurement Indices)
return NBy_1.Vectors is

WorkVector : NBy_1.Vectors;
begin

for I in State Indices loop
Work Vector (I) := Source (Row, I);

end loop;
return Work Vector;

end Active_HViector;

-- --NAME: Element

function Element (Source : NByN_Symmetric.Matrices;
O Row : State Indices;

Column : State Indices)
return KalmanFflterElements is

begin
return Source (Row, Column);

end Element;

-- --NAME: Row

function Row (Source : N By N Symmetric.Matrices;
Row : State indices)
return N By 1.Vectors is

WorkVector : NByl.Vectors;
begin

for I in State Indices loop
Work Vector (I) := Source (Row,I);

end loop;
return WorkVector;

end Row;

end KalmanFilterDataTypes;

3.3.1.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in this top level component:

Data types:

NI
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* The following table summarizes the types required by this part and defined in
* ancestral units:

*jName IElement Type jlndex Types I Matrix Type I

IM_By_N_Statically IKalmanFilterElements IMeasurement ISparseI
Sparse I Idcs I
jNByNDigna Fitrlmet IStateIndices I

_NB Daoa jKalman_ _trElmet IState Indices, jDi~tgonalI
I jIStateIndices I

*INBy_N_Symmetric IKalmanFilterElements IState Indices,ISymmetric
IIStatelIndices II

JN_By_1 (Vector) IKalmanFilterElements IStateIndices IVectorI

* 3.3.1.2.8 LIMITATIONS

None.

3.3.1.2.9 LLCSC DESIGN

None.

'U 3.3.1.2.10 UNIT DESIGN
None.

6CO -
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package body KalmanFilter DataTypes is

-- -- NAME: Active H Vecior

function Active H Vector (Source : M By N Statically Sparse.Matrices;
Row : Measurement Indices)
return NByl.Vectors-is

WorkVector N_By_1.Vectors;
begin

for I in State Indices loop
Work Vector (I) := Source (Row, I);

end loop;
return Work Vector;

end Active_HVector;

---- NAME: Element

function Element (Source : N By N Symmetric.Matrices;
Row : State Indices;
Column : State-Indices)
return Kalman FIlter Elements is

begin
return Source (Row, Column);

end Element;

-- - - - - - -

---- NAME: Row
-- - - - - - -

function Row (Source : NByN_Symmetric.Matrices;
Row : State Indices)
return NByl.Vectors is

Work Vector : N_By_l.Vectors;
begin

for I in State Indices loop
Work Vector (I) := Source (Row,I);

end loop;
return WorkVector;

end Row;
end KalmanFilterDataTypes;

%eM
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'- 3.3.1.3 AUTOPILOT DATA TYPES (BODY) TLCSC P623 (CATALOG #P93-0)

This part, which is designed as an Ada package, defines simple data types and
special operators for use in the Autopilot Package.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.1.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R163.

3.3.1.3.2 LOCAL ENTITIES DESIGN

None.

3.3.1.3.3 INPUT/OUTPUT

~None.

3.3.1.3.4 LOCAL DATA

None.

3.3.1.3.5 PROCESS CONTROL

Not applicable.

3.3.1.3.6 PROCESSING

The following describes the processing performed by this part:

package body AutopilotDataTypes is

.... Define Operators fon Autopilot Data Types--3
-- --Acceleration Feedback * Gain ==> FinDeflections-

function "1*"1 (Left : Acceleration Feedbacks FPS2;
Right : FPS2 to Degrees Gain)
return FinDeflectionsDegrees is

begin

return Fin Deflections Degrees
(Left * Acceleration Feedbacks FPS2 (Right));

end "*";
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function "*" (Left : AccelerationFeedbacksiIPS2;
Right : MPS2 to Degrees Gain)
return FinDeflections_Degrees is

begin
return Fin Deflections Degrees

(Left * Acceleration Feedbacks MPS2 (Right));
end "*" ;

function I* (Left : AccelerationFeedbacksGees;
Right : Gees to Degrees Gain)
return Fin_DeflectionsDegrees is

begin
return Fin Deflections Degrees

(Le~t * Acceleration Feedbacks Gees (Right));

end "1'

function "*"(Left : Acceleration FeedbacksFPS2;
Right : FPS2 to Radians Gain)
return FinDeflectionsRadians is

begin
return Fin Deflections Radians

(in Left * AccelerationFeedbacksFPS2 (Right));
4 end "*"-

function "*" (Left : Acceleration Feedbacks MPS2;
Right : MPS2 to Radians Gain)
return Fin DeflectionsRadians is

begin
return Fin Deflections Radians

eLeft * Acceleration FeedbacksMPS2 (Right));
end "*";I

function "*" (Left : Acceleration Feedbacks Gees;
A, Right: Gees to Radians Gain)

return FinDeflectionsRadians is
begin

return Fin Deflections Radians
e (Left * AccelerationFeedbacksGees (Right));i. end "1*";

UYV- --Acceleration Commands * Gain ==> Fin Deflections-

function "*" (Left : AccelerationCommandsFPS2;
Right : FPS2 to Degrees Gain)

bi return Fin DeflectionsDegrees isbegin--

return Fin Deflections Degrees
(Left * AccelerationCommandsFPS2 (Right));

end "*";
- - - ,function ""(Left :AccelerationCommandsMPS2;Right : MPS2 to Degrees Gain)

return FinDeflections_Degrees is

I*
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2 begin
return Fin Deflections Degrees

(Left * Acceleration CommandsMPS2 (Right));
end "

function "*" (Left AccelerationCommandsGees;
Right : Gees to Degrees Gain)
return Fin_DeflectionsDegrees is

begin
return Fin Deflections Degrees

(Left * AccelerationCommandsGees (Right));
end 1*1;

function 1*1 (Left Acceleration CommandsFPS2;
Right : FPS2 to Radians Gain)
return Fin_DeflectionsRadians is

begin
return Fin Deflections Radians

(Left * AccelerationCommandsFPS2 (Right));
end "*" ;

function "*" (Left : Acceleration Commands MPS2;
Right : MPS2 to Radians Gain)-
return Fin DeflectionsRadians is

begin
return Fin Deflections Radians

Left * AccelerationCommandsMPS2 (Right));

function "*" (Left : Acceleration Commands Gees;

Right : Gees to Radiins Gain)-
return Fin Deflictions -adians isbegin--

return Fin Deflections Radians
eLeft * AccelerationCommandsGees (Right));end"*

---- Feedback Rates * Gain ==> Fin Deflections-

-- --Ambiguity in the meaning of the "*" operator has required changing the
-- --standard order for explicit type conversion. The bodies of the next two
---- functions perform explicit type conversion on the "Left" operand to avoid

NX --ambiguity with subprograms derived from the type declarations of Feedback
---RatesDegrees and Feedback.Rates.Radians.
function "1*" (Left : Feedback-RatesDegrees;

Right : DPS to Degrees Gain)
return Fin_.efIections Degrees is

begin
* return Fin Deflections Degrees

(DPS to DegreesGain (Left) * Right);O' . end ""

function "*" (Left : Feedback Rates Radians;
Right : RPSto_RadiansGain)

OAj
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return FinDeflectionsRadians is
begin

return Fin Deflections Radians
(RPS to RadiansGain (Left) * Right);

end "*" ;

--..Roll Commands * Gain ==> Angle-

function "1*"1 (Left : Roll Commands Degrees;
Right : Gain in Degrees)
return Fin_DeflectionsDegrees is

begin
return Fin-DeflectionsDegrees

end (Left * RollCommandsDegrees (Right));

N function "*" (Left : Roll Commands Radians;
Right : Gain-in Radians)
return FinDeflectionsRadians is

begin
return Fin Deflections Radians

TLeft * RollCommandsRadians (Right));
end "*";

-- --Acceleration Commands + Acceleration Feedbacks =.> Acceleration Commands-

function "+" (Left : Acceleration Commands FPS2;
Right : Acceleration-Feedbacks FPS2)
return AccelerationCommands_FPS2 is

rbegin L~~return Left + Acceleration_Commands_FPS2 (Right);

end "+";

function "+" (Left : Acceleration Commands MPS2;
Right : Acceleration-Feedbacks MPS2)
return AccelerationCommandsMPS2 is... begin

return Left + AccelerationCommandsMPS2 (Right);
end "1+1";

function "+" (Left : Acceleration Commands Gees;
Right : AccelerationFeedbacksGees)
return Acceleration_Commands_Gees is

begin
return Left + AccelerationCommandsGees (Right);

end "+";

..---- Acceleration Commands - Acceleration Feedbacks ==> Acceleration Commands-

function "-" (Left : Acceleration Commands FPS2;
Right : Acceleration-FeedbacksFPS2)

* *4
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return AccelerationCommandsFPS2 is
begin

return Left - AccelerationCommandsFPS2 (Right);
/ end "-"'

function "-" (Left : Acceleration Commands MPS2;
Right : Acceleration-Feedbacks MPS2)
return Acceleration CommandsMPS2 is

begin
return Left - AccelerationCommandsMPS2 (Right);

end """

function "-" (Left : Acceleration Commands Gees;
Right : Acceleration Feedbacks Gees)
return Acceleration_?ommandsGees is

begin
return Left - AccelerationCommandsGees (Right);

end "-"'

..---- Roll Commands - Missile Attitudes ==> Roll Commands-

function "-" (Left : Roll Commands Degrees;
Right : Missile Attitudes Degrees)
return Roll CommandsDegrees is

begin
return Left - Roll CommandsDegrees (Right);~~end"-;

function "-" (Left : Roll Commands Radians;
Right : Missile Attitudes Radians)
return RollCommandsRadians is

begin
return Left - RollCommandsRadians (Right);

end "-";

end AutopilotData_Types;

* 3.3.1.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.1.3.8 LIMITATIONS

None.

3.3.1.3.9 LLCSC DESIGN

None.
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3.3.1.3.10 UNIT DESIGN

None.

4
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package body AutopilotDataTypes is

--.. Define Operators for Autopilot Data Types-

-- Acceleration Feedback * Gain = => Fin Deflections-

function (Left : AccelerationFeedbacksFps2;
Right : Fps2 To Degrees Gain)
return Fin_DeflectionsDegrees is

begin
return Fin Deflections Degrees

TLeft * AccelerationFeedbacksFps2 (Right));
end "*";

function "*" (Left : AccelerationFeedbacksMps2;
Right : Mps2 To Degrees Gain)
return Fin_DeflectionsDegrees is

begin
return Fin Deflections Degrees

(Left * AccelerationFeedbacksMps2 (Right));
end "*""

function "*" (Left : AccelerationFeedbacksGees;
Right: Gees To Degrees Gain)
return Fin_DeflectionsDegrees is

begin
return Fin Deflections Degrees

(Left * AccelerationFeedbacksGees (Right));
end It*";

function 11*1 (Left : AccelerationFeedbacksFps2;
Right : Fps2 To Radians Gain)
return Fin_DeflectionsRadians is

begin

return Fin Deflections Radians
(Left * AccelerationFeedbacksFps2 (Right));

end It*";

function "*" (Left : Acceleration FeedbacksMps2;
oil Right : Mps2 To Radians Gain)

return Fin_DeflectionsRadians is
begin

return Fin Deflections Radians
(Left * AccelerationFeedbacksMps2 (Right));

end "*" ;

function "*" (Left : Acceleration Feedbacks Gees;

Right : Gees To Radians Gain)
return Fin_Deflections Radians is

begin

%:_;~
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return Fin Deflections Radians
(Left * AccelerationFeedbacksGees (Right));

end "*" ;

-- -- Acceleration Commands * Gain = = > Fin Deflections-

function "*" (Left : AccelerationCommandsFps2;
Right Fps2 To Degrees Gain)
return Fin_Deflections_Degrees is

begin
return Fin Deflections Degrees

(Left * AcceIerationCommands_Fps2 (Right));
end "*";

function "1*" (Left : AccelerationCommandsMps2;
Right: Mps2 To Degrees Gain)
return FinDeflections_.Degrees is

begin
return Fin DeflectionsDegrees

(Left * AccelerationCommandsMps2 (Right));
end "*";

function "*" (Left : Acceleration Commands Gees;
Right : GeesToDegreesGain)-
return Fin Deflections Degrees is

begin
return Fin Deflections Degrees

eLeft * AccelerationCommandsGees (Right));
end "f*";

function "*" (Left : Acceleration Commands Fps2;
Right : Fps2 To Radians Gain)-

begin return FinDeflections Radians is

return Fin Deflections Radians
end Left * AccelerationCommandsFps2 (Right));

i end "1*";

function "*" (Left : Acceleration Commands Mps2;
Right : Mps2 To Radiins Gain)-
return FinDeflectionsRadians is

begin--

return Fin Deflections Radians

end tt*; (Left * Acceleration CommandsMps2 (Right));

function "1' (Left : Acceleration Commands Gees;
Right : Gees To Radians Gain)
return FinDeflectionsRadians is

begin
. return Fin Deflections Radians(Left * AccelerationCommandsGees (Right));

end t ; - -

----
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.. -- Feedback Rates * Gain = => Fin Deflections-

.. -- Ambiguity in the meaning of the "*" operator has required changing the
--.. standard order for explicit type conversion. The bodies of the next Avo

-- functions perform explicit type conversion on the "Left" operand to avoid
--- ambiguity with subprograms derived from the type declarations of Feedback
-- -RatesDegrees and Feedback Rates-Radians.

function "*" (Left : FeedbackRatesDegrees;
Right : Dps To Degrees Gain)
return Fin_Deflections_-Degrees is

begin
return Fin Deflections Degrees

(DpsTo_DegreesGain (Left) * Right);end""",

function "*"1 (Left : Feedback Rates Radians;

Right : Rps To Radians-Gain)
return FinUefIections-Radians is

begin
return Fin Deflections Radians

(Rps To Radians Gain (Left) * Right);
end "*It;

-- -- Roll Commands * Gain ==> Angle-

function "1*" (Left : Roll Commands Degrees;
Right : Gain-In Degrees)
return FinDeflections Degrees is

begin
return Fin Deflections Degrees

(Left * Roll-CommandsDegrees (Right));
end "1*"1;

function "*" (Left : Roll Commands Radians;
Right : Gain In Radians)
return FinDeflectionsRadians is

begin
return Fin Deflections Radians

TLeft * Roll-CommandsRadians (Right));
end It*";

-- -Acceleration Commands + Acceleration Feedbacks = = > Acceleration Commands-

function "1+" (Left : Acceleration Commands Fps2;
Right : AccelerationFeedbacks Fps2)
return AccelerationCommandsFps2 is

begin

return Left + AccelerationCommands Fps2 (Right);
end "+" ;

function "+" (Left : AccelerationCommandsMps2;

V -Y , , I , 1 -V N -
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Right : Acceleration Feedbacks Mps2)
return Acceleration Commands_Mps2 is

begin
return Left + AccelerationCommandsMps2 (Right);

end 1"+";-

function "+" (Left : Acceleration Commands Gees;
Right : AccelerationFeedbacks Gees)
return AccelerationCommands Gees is

begin
return Left + Acceleration CommandsGees (Right);

end 11+1t;

-- -- Acceleration Commands - Acceleration Feedbacks = => Acceleration Commands-

function "-" (Left : Acceleration Commands Fps2;
Right : AccelerationFeedbacksFps2)
return Acceleration_Commands_Fps2 is

* begin
return Left - AccelerationCommandsFps2 (Right);

end "-";

function "-" (Left : Acceleration Commands Mps2;
rp Right : AccelerationFeedbacki Mps2)

begin return Acceleration Commands Mps2 iS~~begin--

return Left - AccelerationCommandsMps2 (Right);
end "-""

function "-" (Left : Acceleration Commands Gees;
Right : AccelerationFeedbacks Gees)
return AccelerationCommands Gees is

begin
return Left - AccelerationCommandsGees (Right);

end "-" ;

--- Roll Commands - Missile Attitudes = => Roll Commands-

function "-" (Left : Roll Commands Degrees;
Right : Missile AttitudesDegrees)

'return RollCommandsDegrees is
begin

return Left - RollCommandsDegrees (Right);
end "-"

function "-" (Left : Roll Commands Radians;
Right : Missile Attitudes Radians)
return Roll Commands Radians is

begin
return Left - RollCommandsRadians (Right);

end

end AutopilotDataTypes;

N% A'A,*L le W
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3.3.2 NAVIGATION
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Vr 3.3.2.1 COMMONNAVIGATIONPARTS (PACKAGE BODY) TLCSC P001 (CATALOG #P208-0)

This part, which is designed as an Ada package, contains specifications for all
CAMP parts which can be used in either a Wander Azimuth or a North Pointing
navigation coordinate system environment.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.1.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this
part:

I Name I Requirement Number I

Altitude Integration R002
ComputeGround Velocity R003

I ComputeGravitational Acceleration Lat In R005
I ComputeGravitational-Acceleration"Sin-Lat In R006
ComputeHeading R009
UpdateVelocity R010
Compute Scalar Velocity R039

G ComputeRotation_Increments R157

3.3.2.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.3 INPUT/OUTPUT

A None.

3.3.2.1.4 LOCAL DATA

None.

3.3.2.1.5 PROCESS CONTROL

Not applicable.

3.3.2.1.6 PROCESSING

The following describes the processing performed by this part:

package body CommonNavigationParts is

packagE body AltitudeIntegration is separate;
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function Compute Ground Velocity
(Easf Velocity : Velocities;
North Velocity : Velocities) return Velocities is separate;

function Compute Gravitational Acceleration Lat In
(Current Altitude : Distances;
Current-Latitude : Earth Positions)
return Accelerations is separate; 4

function Compute Gravitational Acceleration Sin Lat In
(Current Altitude : Distances;
Sin Current Latitude : Sin Cos Ratio)

return Accelerations is separate;

function ComputeHeading (East Velocity : Velocities;
North Velocity : Velocities)
return Headings is separate;

package body UpdateVelocity is separate;

function Scalar Velocity (Velocity In : Velocity Vectors)
return Velocities is separate;

function Compute Rotation Increments
(PlatformRotation Rate : Angular VelocityVectors;
Delta Time : Intervals)
return AngleVectors is separate;

end CommonNavigationParts;

3.3.2.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.8 LIMITATIONS

None.

3.3.2.1.9 LLCSC DESIGN

3.3.2.1.9.1 ALTITUDEINTEGRATION PACKAGE DESIGN (CATALOG #P209-0)

This package updates the altitude using trapezoidal integration of the
earth-relative vertical velocity. It has the ability to reinitialize the
previous values of the vertical velocity and the altitude, and the ability to
calculate a new value for altitude.

The decomposition for this part is the same as that shown in the Top-LevelSDesign Document.

S. N' V .
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3.3.2.1.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R002.

3.3.2.1.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
package specification:

Data types:

The following table describes the generic formal types required by this part:

, Name I Type I Description

l Distances I floating I Data type used to define distance measurements I
I I point type l I

ON Intervals [ floating [ Data type used to define time measurements
I point type I I

Velocities [ floating I Data type used to define velocity measurements I
I I point typeII

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I DefaultDelta I Intervals I N/A I Default time over which I
I Time I I I integration is to be performed
I Initial Vertical I Velocities I N/A I Initial vertical velocity to be I
I Velocify I I I used by the Integrate function I
I Initial Altitude I Distances I N/A I Initial altitude to be used by I
I - I I I Integrate function I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

J

-
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I Name J Type I Description INI "* I function l Multiplication operator used to define the operation: I
- Velocities * Intervals => Distances

3.3.2.1.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

Name Type Value Description

I Previous I Velocities I N/A I Previous value of the vertical I
Vertical Velocity I I I velocity I
Previous_Altitude I Distances I N/A I Previously calculated altitude

3.3.2.1.9.1.5 PROCESS CONTROL

Not applicable.

* 3.3.2.1.9.1.6 PROCESSING *

A The following describes the processing performed by this part:

separate (Common NavigationParts)
package body AltTtudeIntegration is

-- local declarations-

PreviousVertical Velocity : Velocities := Initial Vertical Velocity;
O Previous Altitude : Distances := Initial -Altitude;

end Altitude Integration;

3.3.2.1.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.9.1.8 LIMITATIONS

None.
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3.3.2.1.9.1.9 LLCSC DESIGN

*None.

3.3.2.1.9.1.10 UNIT DESIGN

3.3.2.1.9.1.10.1 REINITIALIZE UNIT DESIGN

This procedure reinitializes the previous values for vertical velocity and
altitude. These values are required by the Integrate function.

3.3.2.1.9.1.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R002.

3.3.2.1.9.1.10.1.2 LOCAL ENTITIES DESIGN

O None.

3.3.2.1.9.1.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Value I Description

I New Vertical_ I Velocity I In I Value to be used to reinitialize
Velocity I I I previous vertical velocity I

New Altitude I Distance I In I Value to be used to reinitialize
I I I Iprevious altitude

i

3.3.2.1.9.1.10.1.4 LOCAL DATA

None.

3.3.2.1.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Reinitialize (NewVerticalVelocity : in Velocities;
New_Altitude : in Distances) is

begin I

,5"', NI
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Previous Altitude New Altitude;
PreviousVerticalVelocity := New-VerticalVelocity;

end Reinitialize;

3.3.2.1.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

,I The following table summarizes the types required by this part and defined as
generic parameters to the enclosing package body:

1 Name I Type I Description

Distances I floating Data type used to define distsnce measurements
* I I point type I

Intervals I floating I Data type used to define time measurements
I I point type I
I Velocities Ifloating j Data type used to define velocity measurements

point type I I

Data objects:

The following table describes the data objects required by this part and
located in the package body of Altitude-Integration:

Name I Type I Value I Description

I Previous I Velocities IN/A I Previous value of the vertical I
i Vertical Velocity I I I velocity I
I Previous Xltitude I Distances I N/A I Previously calculated altitude I

3.3.2.1.9.1.10.1.8 LIMITATIONS

None.

3.3.2.1.9.1.10.2 INTEGRATE UNIT DESIGN

This procedure calculates the new altitude using trapezoidal integration of the
earth-relative vertical velocity. It also updates previous velocity and
altitude variables.
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3.3.2.1.9.1.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R002.

3.3.2.1.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.9.1.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name j Type I Value I Description

I Vertical-Velocity I Velocity jN/A I Current earth-relative vertical
I I I I velocity cf the missile
I Delta Time I Interval I N/A j Time interval over which the
I I I I integration is to take place

3.3.2.1.9.1.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained local to this part:

I Name I Type I Value I Description

I Altitude I Distances I N/A I Altitude being calculated I

3.3.2.1.9.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.1.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Integrate (Vertical Velocity : Velocities;
Delta Time : Intervals := DefaultDeltaTime)
return Distances is

--local declarations

Altitude : Distances;

0 
a
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--- -----------------------------
-- begin function Integrate

begin

Altitude Previous Altitude +
( (Vertical Velocity + Previous Vertical Velocity) *

(0.5 * DeltaTime) );

Previous Vertical Velocity := Vertical Velocity;
PreviousAltitude := Altitude;

return Altitude;

end Integrate;

3.3.2.1.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters to the enclosing package body:

I Name [ Type j Description I

Distances jfloating IData type used to define distance measurementsI
point type I I

Intervals I floating I Data type used to define time measurements I
I I point type
I Velocities I floating I Data type used to define velocity measurements I

I point type I I

Data objects:

The following table describes the data objects required by this part and
located in the package body of AltitudeIntegration:

Name i Type I Value I Description

I Previous I Velocities I N/A j Previous value of the vertical I
Vertical Velocity i I I velocity I

I Previous _ltitude i Distances i N/A j Previously calculated altitude I

----

W. . .. A
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3.3.2.1.9.1.10.2.8 LIMITATIONS

None.

3.3.2.1.9.2 UPDATE VELOCITY PACKAGE DESIGN (CATALOG #P214-0)

This package contains the subroutines required to compute the current velocity
(in vector form).

It consists of reinitialize, a procedure which reinitializes the value of the
Velocity vector, and Update, a function which computes the current velocity
vector given the velocity change vector, the time interval over which the
velocity changes were accumulated, Coriolis acceleration vector, and
acceleration due to gravity.

The computations performed by the update function are as follows:

New Velocity := Previous Velocity + Delta Velocity -

( (Coriolis Acceleration -

Gravitational Acceleration) * Delta Time)

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.1.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R010.

3.3.2.1.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.91.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

This part's generic parameters were previously defined in the package
specification of CommonNavigationParts:

Data types:

The following table describes the generic formal types required by this part:

oi
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SName Type Description

Velocity_Vectors private Contains the east, north, and verticall
components of the missile's current
velocity

Intervals floating Data type used to define time I
point type measurements

Accelerations floating Data type used to define
point type acceleration measurements

Indices scalar type Used to dimension Acceleration VectorsI
Acceleration Vectors array Array of Accelerations

- - --

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I Default j Acceleration IN/A I Vector defining acceleration due to I
I Gravity I Vectors I I gravity (positive in the up
I I I I direction) I
I Initial I Velocity_ I N/A I Initial velocity values used by I
I Velocity I Vectors I I Update function

Subprograms:

The following table describes the generic formal subroutines (operators)
required by this part:

I Name I Type I Description I

" I function Vector-scalar multiplication operator defining I
the operation:
Acceleration Vectors * Intervals =>
Velocity VectorsI

Sparse Right function Subtraction operator operating on acceleration
XY Subtract- vectors where the assumption is made that the

- I Ithird element of the right input vector equals j
0

" I function Vector-vector addition operator defining the
operation:
VelocityVectors + VelocityVectors =>

IVelocity Vectors
i"-" function Vector-vector subtraction operator defining the ,

operation:
Velocity_Vectors - Velocity_Vectors =>
Velocity 

Vectors

----------------------- --- -------------------------
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3.3.2.1.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

I Previous-Velocity I VelocityVector IN/A I Velocity vector calculated
I I I I during previous update r
I I I operation

3.3.2.1.9.2.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.2.6 PROCESSING

The following describes the processing performed by this part:

* separate (Common Navigation Parts)
package body UpdateVelocity is

.. --local variables-

PreviousVelocity : Velocity_Vectors := Initial-Velocity;

end Update Velocity;

3.3.2.1.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.9.2.8 LIMITATIONS

None.

3.3.2.1.9.2.9 LLCSC DESIGN

None.

oI
3.3.2.1.9.2.10 UNIT DESIGN

S
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3.3.2.1.9.2.10.1 REINITIALIZE UNIT DESIGN

This procedure reinitializes the previous velocity vector required by the
update function.

3.3.2.1.9.2.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement ROIO.

3.3.2.1.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.9.2.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

4 The following table describes this part's formal parameters:

Name I Type Value I Description

I New Velocity I Velocity_Vectorsl In I New value for the previous_
I I I .1 velocity_vector

3.3.2.1.9.2.10.1.4 LOCAL DATA

None.

3.3.2.1.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Reinitialize (NewVelocity : in VelocityVectors) is

begin

PreviousVelocity := NewVelocity;

end Reinitialize;

0-
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3.3.2.1.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

* The following table summarizes the types required by this part and defined as
generic parameters to the enclosing package body:

Name Type I Description

I VlocityVectors I private I Contains the east, north, and verticall
I components of the missile's current I, ' I I Ivelocity

Data objects:

The following table summarizes the objects required by this part and defined in
the enclosing package body:

Name Type I Value I Description I

I PreviousVelocity I Velocity_Vectorsl N/A I Velocity vector calculated I
I I I I during previous update I
I I I I operation I

3.3.2.1.9.2.10.1.8 LIMITATIONS

None.

3.3.2.1.9.2.10.2 UPDATE UNIT DESIGN

This function computes the current velocity vector given the velocity change
vector, the time interval over which the velocity changes were accumulated, the
coriolis acceleration vector, and the acceleration due to gravity.

The computations performed are as follows:

New Velocity := Previous Velocity + Delta Velocity -

( (Coriolis Acceleration -

Gravitational Acceleration) * Delta Time)

3.3.2.1.9.2.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement ROO.
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3.3.2.1.9.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.9.2.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Value I Description

Nominal Delta I Velocity Vectorsl N/A I Contains the east, north, and
I VelociTy - -Ivertical components of the
I Ichange in the missile's
" I Ivelocity
Coriolis Acceleration N/A Contains the east, north, and

I Acceleration Vectors - vertical components of the
.... coriolis acceleration
I Delta Time Intervals N/A Time interval over which the
I - Ivelocity changes occurred

3.3.2.1.9.2.10.2.4 LOCAL DATA

None.

3.3.2.1.9.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.2.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Update (Nominal Delta Velocity : Velocity Vectors;
Coriolis Acceleration : Acceleration Vectors;
Delta Time : Intervals;-
Gravity : Acceleration Vectors

:= Default-Gravity)
return Velocity_Vectors is

. --declaration of variables-

Current Velocity : Velocity Vectors;
TempAV : AccelerationVectors;
TempVV : VelocityVectors;

----beginning of function Update
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begin

TempAV Sparse-Right XY Subtract(Coriolis Acceleration, Gravity);
Temp_VV Temp_AV * DeltaTime;

CurrentVelocity := Previous Velocity +
Nominal DeltaVelocity -

Temp_V_V;
PreviousVelocity := Current_Velocity;

return CurrentVelocity;

end Update;

3.3.2.1.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters to the enclosing package body:

I Name I Type I Description I

VelocityVectors private Contains the east, north, and verticall
components of the missile's current
velocity

Intervals floating Data type used to define time
point type measurements

Accelerations floating Data type used to define
point type acceleration measurements

Indices scalar type Used to dimension AccelerationVector
Acceleration Vectors array Array of Acceleration

Data objects:

The following table summarizes the objects required by this part and defined as
generic parameters to the enclosing package:

I Name I Type I Value I Description I

I Default_ I Acceleration I N/A I Vector defining acceleration due to I
Gravity I Vectors I I gravity (positive in the up I

I I I direction)

-- -- --- -- --- - -- --- -- -- - --- -- -- -- -- -- --- --
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The following table summarizes the objects required by this part and defined in
the enclosing package body:

-----------------------------------------------------------------------------
I Name I Type I Value I Description

I PreviousVelocity I VelocityVectorsI N/A I Velocity vector calculated I
I I I I during previous update I
I I I operation

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined as generic parameters to the enclosing package:

I Name I Type I Description

""function Vector-scalar multiplication operator defining

the operation:
I I - Acceleration Vectors * Intervals =>

IVelocityVectors
Sparse Right_ function Subtraction operator operating on acceleration
XYSubtract vectors where the assumption is made that the

third element of the right input vector equals
0

""function Vector-vector addition operator defining the
I Ioperation:

Velocity Vectors + Velocity Vectors =>
Velocity Vectors

"-" function Vector-vector subtraction operator defining the
operation:

IVelocityVectors - VelocityVectors =>
Velocity Vectors

3.3.2.1.9.2.10.2.8 LIMITATIONS

None.

3.3.2.1.9.2.10.3 CURRENTVELOCITY LNIT DESIGN

This function returns the previous velocity (i.e. the current velocity).

3.3.2.1.9.2.10.3.1 REQUIREMENTS ALLOCATION

N/A
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3.3.2.1.9.2.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.9.2.10.3.3 INPUT/OUTPUT

None.

3.3.2.1.9.2.10.3.4 LWCnAL DATA

None.

3.3.2.1.9.2.10.3.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.2.10.3.6 PROCESSING

The following describes the processing performed by this part:

function currentVelocity return Velocity Vectors is

begin

return Previous Velocity;

end Current Velocity;

3.3.2.1.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP-LEVEL COMPONENT:

The following tables describe the elements used by this part but defined

elsewhere in this top-level component:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters to the enclosing package body:

Name I Type I Description

I VelocityVectors I private I Contains the east, north, and verticall
I I I components of the missile's current
I I I velocity

Data objects:

""I
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The following table summarizes the objects required by this part and defined in
the enclosing package body:

I Name I Type I Value I Description

* PreviousVelocity I VelocityVectorsl N/A I Velocity vector calculated
SI I I during previous update
SI I I operation

3.3.2.1.9.2.10.3.8 LIMITATIONS

None.

3.3.2.1.10 UNIT DESIGN

3.3.2.1.10.1 COMPUTE GROUND VELOCITY UNIT DESIGN (CATALOG #P210-0)

This function calculates the ground (i.e. horizontal) velocity of the missile
from the east and north components of the missile velocity.

The ground velocity is as computed as follows:

GVel := Sqrt(EVel**2 + NVel **2)

where EVel = East Velocity
NVel - North Velocity

3.3.2.1.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R003.

3.3.2.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

@1; The following generic parameters were previously defined in the package
specification of CommonNavigationParts:

Data types:

The following table describes the generic formal types required by this part:
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Name Type I Description

Velocities J floating I Data type used to define velocity j
I j point type I measurements
I Velocity_Squared I floating I Data type resulting from multiply two
I I point type I objects of type velocity

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I " I function IMultiplication operator defining the operation:
Velocities * Velocities => VelocitySquared

I Sqrt I function! Square root function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

lEast Velocity I Velocities I In I Current east velocity of missile
I NorthVelocity I Velocities I In I Current north velocity of missile

3.3.2.1.10.1.4 LOCAL DATA

None.

3.3.2.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.1.6 PROCESSING

@4 The following describes the processing performed by this part:

separate (CommonNavigation Parts)
function Compute Ground Velocity

(Easf Velocity : Velocities;
North_Velocity : Velocities) return Velocities is

begin

return Sqrt(East Velocity * East Velocity +
NortliVelocity * NorthVelocity);
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end ComputeGround Velocity;

3.3.2.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.1.8 LIMITATIONS

None.

3.3.2.1.10.2 COMPUTE GRAVITATIONALACCELERATIONLATIN UNIT DESIGN (CATALOG
#P211-0)

The part computes the vertical acceleration due to gravity given the missile's
current altitude and latitude. The calculations performed are as follows:

AGrav := NGrav * (1 - (2*Alt/EER) + (GCF * Sin(Lat)**2) )

where NGrav = Nominal Gravity
GCF = Gravity Coefficient
EER = Earth Equatorial Radius

3.3.2.1.10.2.1 REQUIREMENTS ALLOCATION 1
This part meets CAMP requirement R005.

3.3.2.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

This part's generic parameters were previously defined in the package
specification for CommonNavigationParts.

Data types:

The following table describes the generic formal types required by this part:

QC
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I Name I Type I Description I

Accelerations floating Data type used to define acceleration
point type measurements

Distances floating Data type used to define distance
point type measurements

EarthPositions floating Data type used to define latitude and
- point type longitude measurements

Inverse floating Data type used to define 1/distance
Distances point type measurements

Real floating Data type of GravityCoefficient
point type

Sin Cos Ratio floating Data type used to define the results of a
point type Sin calculation

Data objects:

The following table describes the generic formal objects required by this part:

I Name Type j Value I Description

I NominalGravity I Accelerationsl N/A I Value of absolute mean
I I I I normal gravity

A One _,r Earth I Distances I N/A I Value for 1/earth equatoriall
I Radius- I I I radius
I GravityCoefficient I Real N/A I Coefficient of.gravity I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

- Name I Type I Description

"*" function Multiplication operator defining the operation::I Accelerations * Real => Accelerations

function Multiplication operator defining the operation:
Sin Cos Ratio * Real => Real

function Division operator defining the operation:
Distances * InverseDistances => Real

Sin function Sine function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

0-
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I Name I Type I Mode l Description

I Current Altitude I Distances I In I Current altitude of the
-] I I missile

I Current Latitude I EarthPositionsl In I Current latitude of the
I I missile

3.3.2.1.10.2.4 LOCAL DATA

Data objects:
The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

I Sinof_Lat I SinCosRatio IN/A I Sine of CurrentLatitude

3.3.2.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Common Navigation Parts)
function Compute -GravitationalAccelerationLatIn

(Current Altitude : Distances;
Current Latitude : EarthPositions) return Accelerations is

----declaration of variables-

Sin ofLat : SinCosRatio;

--begin function Compute GravitationalAccelerationLatIn

begin

Sin of Lat := Sin(Current Latitude);
return NominalGravity *

(1.0-
(Current Altitude+Current Altitude) * One Over Earth Radius +
Sin of Lat * Sin ofLat *-GravityCoefficlent - -

end ComputeGravitationalAccelerationLatIn;
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3.3.2.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.2.8 LIMITATIONS

None.

3.3.2.1.10.3 COMPUTEGRAVITATIONALACCELERATIONSINLATIN UNIT DESIGN (CATALOG
#P212-0)

Given the missile's current altitude and the sine of the current latitude, this
function computes the vertical acceleration due to gravity. The computations
are performed as follows:

Grav := NGrav * (I - (2 * Alt/EER) + (GCF * SinLat**2)))

where NGrav = Nominal Gravity
GCF = Gravity Coefficient
EER = Earth Equatorial Radius

3.3.2.1.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R006.

3.3.2.1.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

This part's generic parameters were previously defined in the package
specification of CommonNavigation Parts:

Data types:

The following table describes the generic formal types required by this part:A,
I°

SO'.
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I Name I Type I Description I

Accelerations floating Data type used to define acceleration
point type measurements

Distances floating Data type used to define distance
point type measurements

Inverse floating Data type used to define 1/distance
Distances point type measurements

Real floating Data type of Gravity_Coefficient
point type

Sin Cos Ratio floating Data type used to define the results of a
I point type Sin calculation

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I NominalGravity I Accelerationsi N/A I Value of absolute mean
I I I I normal gravity I
One Over Earth I Distances I N/A I Value for 1/earth equatoriall

I Radius - 5 radius I
I GravityCoefficient I Real I N/A I Coefficient of gravity I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I "*" I function i Multiplication operator defining the operation: I
I I I Accelerations * Real => Accelerations
I "*" Ifunction Multiplication operator defining the operation: I

I Sin Cos Ratio * Real => Real
function I Division-operator defining the operation: I

I I Distances * InverseDistances => Real I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name Type I Mode I Description I

SCurrentAltitude Distances IIn Current altitude of the
missile

_SinCurrentLatitude SinCosRatio In Sine of the current
I Ilatitude of the missile
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3.3.2.1.10.3.4 LOCAL DATA

None.

3.3.2.1.10.3.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.3.6 PROCESSING

The following describes the processing performed by this part:

separate (CommonNavigationParts)
function ComputeGravitational Acceleration SinLatIn

(Current Altitude : Distances;
Sin Current Latitude : Sin Cos Ratio)
return Accelerations is

* begin

return NominalGravity *
(1.0 -

(Current Altitude+Current Altitude) * One Over Earth Radius +
Sin Curz.nt Latitude * SinCurrentLatitude*

,110L Gravity_Coefficient

end ComputeGravitational AccelerationSinLatIn;

3.3.2.1.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.3.8 LIMITATIONS

None.

3.3.2.1.10.4 COMPUTEHEADING UNIT DESIGN (CATALOG #P213-0)

This function computes the missile's current heading given the missile's
current east and north velocities.

The computations are performed as follows:

Hdg := Arctan(EVel / NVel)

where EVel = East velocity
NVel = North velocity
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3.3.2.1.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R009.

3.3.2.1.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.10.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:
This part's generic parameters were previously defined in the package
specification of CommonNavigationParts.

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I Velocitiesl floating I Data type defining velocity measurements I
I point type I I

I Headings I floating I Data type defining angular measurement
I point type I I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description  I

I Arctan I function I Arctangent function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:I Name I Type Mode I Description I

I East Velocity I Velocities I In I Current east velocity of missile I
NortlVelocity I Velocities I In I Current north velocity of missile I

.i
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3.3.2.1.10.4.4 LOCAL DATA

None.

3.3.2.1.10.4.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.4.6 PROCESSING

The following describes the processing performed by this part:

separate (CommonNavigation Parts)
function ComputeHeading (East Velocity : Velocities;

- North_Velocity : Velocities) return Headings is

begin

-- operation performed will be y/x (want East/North)
return Arctan2 (Y => East Velocity,

X => NorthVelocity);

end ComputeHeading;

3.3.2.1.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.4.8 LIMITATIONS

None.

3.3.2.1.10.5 SCALARVELOCITY UNIT DESIGN (CATALOG #P215-0)

This function computes the scalar velocity given a velocity vector.

3.3.2.1.10.5.,1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R039.

3.3.2.1.10.5.2 LOCAL ENTITIES DESIGN

None.

*, 3.3.2.1.10.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:

A
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The following generic parameters were previously defined when this part was

specified.

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I Velocities I floating I Data type defining velocity measurements
I j point type I
I Velocity_Vectorsl private I Data type containing a velocity vector
I I I values

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I j
I Vector I function i Function used to calculate the length of a vector ]
I Lengt [i

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Velocity_In I Velocity_Vectorsl In I Missile's current velocity vector

3.3.2.1.10.5.4 LOCAL DATA

None.

3.3.2.1.10.5.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.5.6 PROCESSING

The following describes the processing performed by this part:

separate (Common Navigation Parts)
function ScalarVelocity (Velocity_In : VelocityVectors)

return Velocities is
begin

0-i
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return VectorLength(VelocityIn);

end Scalar Velocity;

3.3.2.1.10.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.5.8 LIMITATIONS

None.

3.3.2.1.10.6 COMPUTEROTATION INCREMENTS (FUNCTION BODY) UNIT DESIGN (CATALOG
#P216-0)

This function computes the rotation rate increments of the navigation
coordinate system with respect to inertial space.

3.3.2.1.10.6.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R157.

3.3.2.1.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.2.1.10.6.3 INPUT/OUTPUT

4 GENERIC PARAMETERS:

The following generic parameters were previously defined when this part was
specified.

O Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

I AngleVectors private Vector containing the east, north,
type vertical components of the

rotation rate increments
I AngularVelocityVectorsi private I Vector containing the east, north,
I - type and vertical components of the

total platform rate
Intervals floating Data type defining time

point type measurements
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Subprograms:

,L The following table describes the generic formal subroutines (operators)
required by this part:

I Name I Left Input Type Right Input Type I Result Type

I "* I AngularVelocityVectorsl Intervals I AngleVectors

QFORMAL PARAMETERS:

The following table describes the formal parameters of this part:

Name I Type I Mode I Description

Platform I Angular I In I Contains the nominal
Rotation_Rate I Velocity_Vectors I components of the total

I I I rotation rate
DeltaTime Intervals In I Time interval over which the

I I increments are to be
IIIcalculated

3.3.2.1.10.6.4 LOCAL DATA

ANone.

3.3.2.1.10.6.5 PROCESS CONTROL

Not applicable.

3.3.2.1.10.6.6 PROCESSING

The following describes the processing performed by this part:

separate (Common Navigation Parts)
function Compute-Rotation Increments

(PlatformRotationRate : Angular VelocityVectors;
Delta Time . Intervals)
return Angle-Vectors is

0. begin

return PlatformRotationRate * DeltaTime;

end ComputeRotationIncrements;
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3.3.2.1.10.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.1.10.6.8 LIMITATIONS

None.

0
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package body CommonNavigationParts is

package body AltitudeIntegration is separate;

function Compute Ground-Velocity
(East Velocity : Velocities;
North_Velocity : Velocities) return Velocities is separate;

function Compute Gravitational AccelerationLatIn
(Current-Altitude : Distances;
Current Latitude : Earth Positions)

-return Accelerations is separate;

function ComputeGravitationalAcceleration Sin Lat In
(Current Altitude : Distances;
Sin Current Latitude : Sin Cos Ratio)

return Accelerations is separate;

function ComputeHeading (East Velocity : Velocities;North Velocity : Velocities)
return Headings is separate;

package body UpdateVelocity is separate;

function Scalar-Velocity (Velocity In : Velocity Vectors)
return Velocities is separate;

function Compute Rotation Increments
(Platform Rotation Rate: Angular VelocityVectors;
Delta Time : Intervals)
return-AngleVectors is separate;

end Common-NavigationParts;

I
= I
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separate (Common Navigation Parts)
package body AltitudeIntegration is

-- -- local declarations-

PreviousVerticalVelocity : Velocities := Initial Vertical Velocity;
PreviousAltitude : Distances := Initial-Altitude;

pragma PAGE;
procedure Reinitialize (New VerticalVelocity : in Velocities;

New7Altitude : in Distances) is

begin

Previous Altitude := New Altitude;
PreviousVerticalVelocity := NewVerticalVelocity;

end Reinitialize;

pragma PAGE;
function Integrate (Vertical Velocity : Velocities;

Delta Time : Intervals := Default Delta Time)
return-Distances is

-- -- local declarations

Altitude : Distances;

---- beginfunction Integrate

begin

Altitude := Previous Altitude +
( (Vertical Velocity + PreviousVerticalVelocity)
(0.5 * Delta Time) );

Previous Vertical Velocity := Vertical Velocity;
PreviousAltitude := Altitude;

return Altitude;

end Integrate;

end AltitudeIntegration;

0
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separate (Common Navigation Parts)
function ComputeGroundVelocity

(East Velocity : Velocities;
North_Velocity : Velocities) return Velocities is

begin

return Sqrt(East Velocity * East Velocity +
North_Velocity * NortH Velocity);

end ComputeGround Velocity;

@1
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separate (Common Navigation Parts)
function ComputeGravitationalAccelerationLatIn

(CurrentAltitude : Distances;
CurrentLatitude : EarthPositions) return Accelerations is

.-. declaration of variables-

Sin Of Lat : SinCosRatio;

-- begin function Compute Grwitational AccelerationLatn

begin

Sin Of Lat := Sin(Current Latitude);

return NominalGravity
(1.0 -
(Current Altitude+Current Altitude) * One Over Earth Radius +
Sin Of Lat * SinOfLat *-Gravity_Coefficient

end ComputeGravitationalAccelerationLatIn;

A
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separate (Common Navigation Parts)
function ComputeGravitationalAccelerationSinLatIn

(Current Altitude : Distances;
Sin Current Latitude : SinCos Ratio)

return Accelerations is

begin

return NominalGravity *
(1.0
(Current Altitude+Current Altitude) * One Over Earth Radius +
SinCurrent Latitude * SinCurrentLatitude * -

GravityCoefficient

end ComputeGravitational Acceleration Sin LatIn;

4 ... . .

4
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separate (Common NavigationParts)
function Compute_Heading (East Velocity : Velocities;

NorthVelocity : Velocities) return Headings is

begin

-- .. operation performed will be ylx (vant Eas lNorih)
return Arctan2 (Y => East Velocity,

X => NorthVelocity);

end ComputeHeading;

i

i
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separate (Common Navigation Parts)
package body Update_Velocity is

---

---- local variables-

PreviousVelocity : VelocityVectors := InitialVelocity;

pragma PAGE;

procedure Reinitialize (NewVelocity : in VelocityVectors) is

begin

PreviousVelocity := NewVelocity;

end Reinitialize;

pragma PAGE;
function Update (Nominal Delta Velocity : Velocity Vectors;

Coriolis Acceleration : Acceleration Vectors;
Delta Time : Intervals;
Gravity : Acceleration Vectors

:= Default Gravity)
return VelocityVectors is

-- declaraion of variables-

Current Velocity : Velocity Vectors;
TempA.V : Acceleralion Vectors;
TempVV : VelocityVectors;

-- bcginning offunction Update

begin

Temp_A_V := Sparse Right Xy Subtract(Coriolis Acceleration, Gravity);
TempVV := TempAV * Delta_Time;

CurrentVelocity := Previous Velocity +
Nominal DeltaVelocity -

Tem,_V_V;
PreviousVelocity := Current-Velocity;

return CurrentVelocity;

end Update;

pragma PAGE;
function CurrentVelocity return Velocity_Vectors is

begin

0-i
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return PreviousVelocity;

end CurrentVelocity;

end UpdateVelocity;

A@
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separate (Common Navigation Parts)
function ScalarVelocity (Velocity In : Velocity Vectors)

return Velocities is
begin

return VectorLength(VelocityIn);

end Scalar-Velocity;

0
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separate (Common Navigation Parts)
function Compute Rotation Increments

(Platform Rotation Rate : Angular Velocity Vectors;
Delta Time : Intervals)
returnAngleVectors is

begin

return PlatformRotationRate * Delta-Time;

end ComputeRotation Increments;

"A I
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3.3.2.2 NORTH POINTING NAVIGATION PARTS (BODY) TLCSC P003 (CATALOG #P257-0)

This part, which is a package body, contains all the CAMP parts which can be
used in a north pointing navigation coordinate system environment.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.2.1 REQUIREMENTS ALLOCATION

The following chart describes the allocation of requirements to the LLCSC's in
this TLCSC.

I Name I Requirements Allocation

Compute Coriolis Acceleration R008
Radius of Curvature R036
Total Platform Rotation Rates R012
Earth-Rotation-Rate - R014

I Earth-Relative-Rotation Rates R026
Latitude Integration - R027

I Longitudelntegration R031

3.3.2.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.3 INPUT/OUTPUT

None.

3.3.2.2.4 LOCAL DATA

None.

3.3.2.2.5 PROCESS CONTROL

Not applicable.

3.3.2.2.6 PROCESSING

The following describes the processing performed by this part:

package body NorthPointingNavigationParts is

end NorthPointingNavigationParts;

0]@'
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3.3.2.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.2.8 LIMITATIONS

None.

3.3.2.2.9 LLCSC DESIGN

3.3.2.2.9.1 RADIUSOFCURVATURE PACKAGE DESIGN (CATALOG #P259-0)

This LLCSC contains a function which computes the radius of curvature vector
* given the current altitude and current latitude.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.2.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R036:

3.3.2.2.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of NorthPointingNavigation.

Data types:

The following table summarizes the generic formal types required by this part:

. .
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Name I Type I Description

EarthPositions floating Data type of latitude and longitude values
point type

Distances floating Data type of distance measurements
point type

Inverse floating Data type of l/distance measurements

I Distances point type
Indices scalar type Used to index arrays

I Distance Vectors array I Array of distances
Real floating Used to define EarthFlattening_Coefficient

point type
Sin Cos Ratio floating Data type of results from a sin/cos

I I point type function

Data objects:

The following table summarizes the generic formal objects required by this

part:

I Name I Type I Description I

I Earth Radius I Distances I Radius of the earth
I Earth-Flattening_ Real I Coefficient of earth flattening
I Coefficient
One Over Earth I Inverse I Value of 1/radius of the earth I

IRadius - Distances I I

Subprograms:

The following table summarizes the generic formal subroutines required by this

part:

I Name I Type I Description

" I function Defines the operation:
Real * Sin Cos Ratio := Real

"*" function Defines the operation:
Distances * Inverse Distances := Real

_Co function Defines the operation:
Distances * Real :. Distances

function Defines the operation:
Distances / Real :, Distances

Sin Cos procedure Procedure returning the sine and cosine of an input
- earth position

FORMAL PARAMETERS:

S The following table describes the formal rarameters to the unit contained in

this part:
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I Name I Type I Mode I Description I

I Latitude I Earth Positionsi In I Current latitude of the missile I
l Altitude l Distances I In I Current altitude of the missile I

3.3.2.2.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description

I E I Indices I Index to first element in vector
N j Indices I Index to second element in vector I

IV I Indices I Index to last element in vector

The following table describes the data objects maintained by the unit contained
in this package:

I Name I Type I Description I

Cos Of Lat, Sin Cos Ratio Cosine and sine of input latitude
Sil oT at - -

Flat-x gin Squared Sin Cos Ratio Used for intermediate calculations
LongDemoninator, Real - Used for intermediate calculations
Short Denominator

I RadiusOf I DistanceVectorsI Vector being calculated and
* ICurvature Iraturned

3.3.2.2.9.1.5 PROCESS CONTROL

* Not applicable.

3.3.2.2.9.1.6 PROCESSING

The following describes the processing performed by this part:

package body RadiusofCurvature is

. --local declarations

E : constant Indices := Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
V : constant Indices := Indices'LAST;
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-- -- - - -

...-- unit body-- -- ---
function Compute (Latitude : Earth Positions;

Altitude : Distances)
return DistanceVectors is---------------

--.-- declaration of variables-
- - - - -- - - - - - - - - - - -

Cos of Lat : Sin Cos Ratio;
Fla7t.x-Sin_Squared : ReaI;
LongDenominator : Real;
Radius of Curvature : Distance Vectors;
Short Denominator : Real;
Sin olLat : SinCosRatio;

] .. .--begin function Compute

begin

N SinCos(Latitude, SinofLat, Cos ofLat);

Flat_x_SinSquared := Earth Flattening Coefficient *
*(Sin 'f Lat * Sin-ofLat);

ShortDenominator:- 1.0-
Altitude * One Over Earth Radius -
Flat_x_SinSquared;

Long_Denominator :. Short Denominator +
2.0 * Earth FlatteningCoefficient

(Cos of Lat*Cos_of_Lat);

Radius of Curvature(E) := Earth Radius / Short Denominator;
Radius of Curvature(N) := Earth Radius / Long_Denominator;
Radius-of-Curvature(V) := Earth-Radius * (1.0 - Flat xSinSquared) +

Altitude;

return Radius of Curvature;

end Compute;

end Radius ofCurvature;

3.3.2.2.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.2.2.9.1.8 LIMITATIONS

None.

3.3.2.2.9.1.9 LLCSC DESIGN

None.

3.3.2.2.9.1.10 UNIT DESIGN

None.

3.3.2.2.9.2 EARTH ROTATION RATE PACKAGE DESIGN (CATALOG #P261-0)

This LLCSC contains a function which computes the rotation rate of the Earth
given the current latitude.

The calculations performed are as follows:

Omega(E) := 0.0
Omega(N):= Earth Angular Velocity * cos(Lat)
Omega(U) := Earth-Angular-Velocity * sin(Lat)

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.2.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R014.

3.3.2.2.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification for North Pointing_Navigation Parts:

Data types:

The following table describes the generic formal types required by this part:
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I Name I Type I Description

Angular floating Data type defining angular velocity
I Velocities point type measurements
I Indices I discrete Index into arrays
I Angular I array Array of angular velocities
I Velocity Vectorsl I
I EarthPositions I floating Data type defining longitude/latitude

point type measurements
I SinCosRatio floating Data type defining results of sin/cos
I I point type functions

Data objects:

The following table describes the generic formal objects required by this part:

Name I Type J Value I Description I

I Earth Rate I Angular I N/A I Rate of rotation of the earth I
I - I Velocities I I

Subprograms:

The following table describes the generic formal subroutines required by this

part:

I Name I Type I Description I

I " I function Multiplication operator defining the operation: I
I I I Angular Velocities * SinGasRatio :

I I j Angular-Velocities
I Sin Cos I procedure I Returns The sine and cosine of an input earth I
I - I I position I

FORMAL PARAMETERS:

The following table describes the formal parameters to the unit in this
package:

I Fame I Type I Mode I Description

I Latitude I EarthPositionsl In I Current latitude of the missile 1

3.3.2.2.9.2.4 LOCAL DATA

% Data objects:

6 Jul
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*' The following table describes the data objects maintained by this part:

. Name I Type I Description

I E, N, U I Indices I Indices into 1st, 2nd, and last I
I I I elements of vectorI

The following table describes the data objects maintained local to the unit in
this package:

I Name I Type I Description I

I Cos Of Lat I Sin Cos Ratio I Cosine of input latitude I
I RotationRate I AngularVelocity_ I Value being calculated and returned I
I - I Vectors I
I SinOfLat I SinCosRatio I Sine of input latitude

3.3.2.2.9.2.5 PROCESS CONTROL

Not applicable.

3.3.2.2.9.2.6 PROCESSING

The following describes the processing performed by this part:

-. package body EarthRotationRate is

i-- -- - - - - - - - - - - -

.. --declaration of variables-

E constant Indices := Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
V : constant Indices := Indices'LAST;

--

S---unit body

function Compute (Latitude : Earth Positions)
return AngularVelocityVectors is

-- - -- - -- - -- - -- - -

--declaration of variables-

"AI Cos of Lat : Sin Cos Ratio;
Rotati~n Rate : AngularVelocity_Vectors;
Sin ofLat : SinCosRatio;
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-- . --beginning of function-

begin

SinCos(Latitude, Sin ofLat, Cos ofLat);

Rotation Rate(E) := 0.0;
RotationRate(N) Earth Rate * Cos of Lat;
Rotation_Rate(V) := EarthRate * SinofLat;

return Rotation-Rate;

end Compute;

end EarthRotationRate;

3.3.2.2.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.2.9.2.8 LIMITATIONS

None.

3.3.2.2.9.2.9 LLCSC DESIGN

None.

3.3.2.2.9.2.10 UNIT DESIGN
None.

3.3.2.2.9.3 EARTH RELATIVENAVIGATIONROTATIONRATE PACKAGE DESIGN (CATALOG
#P262-0)

This package contains a function which computes the rotation rate of the
navigation coordinate system with respect to the Earth.

The calculations performed are as follows:

Rho(E) := - Vel(N) / Radius of Curvature(N)
Rho(N) := Vel(E) / Radius-ofCurvature(E)
Rho(V) := Rho(N) * tan(lat)

where Vel = the missile's current velocity
Lat = latitude of th^ missile

The decomposition for this part is the same as that shown in the Top-Level
Design Document.
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3.3.2.2.9.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R026.

3.3.2.2.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of NorthPointing_NavigationParts:

Data types:

The following table describes the generic formal types required by this part:

* I Name I Type I Description I

Indices floating Used to dimension imported vector typespoint type
Angular floating Data type of angular velocity objects I
Velocities point type I
AngularVelocity_ array Array of angular velocities
Vectors
Distances floating Data type of distance measurements

point type
Distance Vectors array Array of distances
EarthPositions floating Data type of longitude/latitude objects I

I point type J
Tan Ratio floating Data type of results of tangent function

point tyfe
Velocities floating Data type of velocity measurements

point type
VelocityVectors array Array of velocities

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I "*" [function I Multiplication operator defining the operation: I
I I [ Angular Velocities * Tan Ratio := Angular-Velocities I
S" i" function I Division operator defining the operation:
I I I Velocities / Distances := AngularVelocities I
I Tan I function I Tangent function

-- - - - - - - - - - - - -- - - - - --0- - - - - -- - - - - - - - - --- -
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FORMAL PARAMETERS:

The following table describes the formal parameters to the unit contained in
this part:

I Name Type I Mode I Description I

MissileVelocity I Velocity_Vectorsi In I Missile's current velocityl
IIIvector
Radius-of Curvature IDistanceVectorsl In I East and north components

III of the radius of
IIIcurvature
I Latitude Earth-Positions In Current latitude of the

I I missileI

3.3.2.2.9.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I

[~ I E, N, U [ Indices [ Indices into 1st, 2nd, and last positions of I
I I [ a vector •

The following table describes the data objects maintained local to the unit
contained in this part:

Name j Type I Description

Rho I Angular Velocity - Vector being calculated and returned I
I I Vectors I

3.3.2.2.9.3.5 PROCESS CONTROL

Not applicable.

3.3.2.2.9.3.6 PROCESSING

The following describes the processing performed by this part:

package body EarthRelativeNavigationRotationRate is

* - --declaration of variables-

---------------
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E : constant Indices Indices'FIRST;
N : constant Indices Indices'SUCC(E);
V : constant Indices Indices'LAST;

-um

.. .--unit body

function Compute (Missile Velocity : VelocityVectors;
Radius of Curvature : Distance Vectors;
Latitude : Earth Positions)

return Angular VelocityVectors is

-- --

--. --declaration of variables-
-- --- -

Rho : AngularVelocityVectors;

----

--. --beginning of function-
- -- - - - - - - - - - -

begin

Rho(e) := - Missile Velocity(n) / Radius of Curvature(n); AL
Rho(n) := Missile Velocity(e) / Radius o!_Ciurvature(e);
Rho(v) :=Rho(n) W Tan(Latitude);

return Rho;

end Compute;

end EarthRelativeNavigationRotationRate;

3.3.2.2.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.2.9.3.8 LIMITATIONS

None.

3.3.2.2.9.3.9 LLCSC DESIGN

None.

3.3.2.2.9.3.10 UNIT DESIGN

None.
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3.3.2.2.9.4 LATITUDE INTEGRATION PACKAGE DESIGN (CATALOG #P263-0)

This LLCSC, which is a package, calculates the missile's current latitude using
trapezoidal integration of the east component of the Earth-relative rotation
rate of the navigation coordinate system. This part can be used when a north
pointing, local level coordinate system is being used for navigation.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.2.9.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R027.

3.3.2.2.9.4.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Previously defined in package specification for North Pointing_Navigation_-
j Parts.

Data types:

The following table describes the generic formal types required by this part:

I Name Type I Description

I Angular I floating I Data type of angular velocity objects I
Velocities I point type I
EarthPositions I floating I Data type of latitude and longitude valuesl

point type I
Intervals I floating I Data type of time values

* I I point type I

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

Default_ j Intervals I N/A I Default time over which integration is
I Delta I I Ito take place
I Initial I Angular IN/A J Initial value of the East component of

/, I East RHo I Velocitlesi I earth-relative rotation
i Initial I Earth I N/A I Initial value of the latitude
I Latitude I Posifion I I

-- - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -
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Subprograms:

Tfe following table describes the generic formal subroutines required by this
part:

Name I Type I Description

I "*" I function I Multiplication operator defining the operation: I
I I I Angular-Velocities * Intervals := Earth Positions
-----

3.3.2.2.9.4.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained local to this part:

I Name Type Value I Description

I Previous I Angular_ I N/A j Previous value of the East component I
East Rho I Velocities I I of the Earth-relative rotation I

I Previous I Earth I N/A I Previous value of the latitude I
x Latitude I PosiTions I

3.3.2.2.9.4.5 PROCESS CONTROL

Not applicable.

3.3.2.2.9.4.6 PROCESSING

The following describes the processing performed by this part:

package body LatitudeIntegration is

.. --local declarations
- -. - - - - - - - - - - -

Previous East Rho : Angular Velocities := Initial East Rho;
Previous-LatiTude : Earth_Positions := Initial-LatiTude;

end Latitude Integration;

3.3.2.2.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.2.2.9.4.8 LIMITATIONS

None.

3.3.2.2.9.4.9 LLCSC DESIGN

None.

3.3.2.2.9.4.10 UNIT DESIGN

3.3.2.2.9.4.10.1 REINITIALIZE UNIT DESIGN

This unit, which is a procedure, reinitializes the previous values of the east
component of the earth-relative rotation and latitude.

3.3.2.2.9.4.10.1.1 REQUIREMENTS ALLOCATION

This unit partially meets CAMP requirement R027.

3.3.2.2.9.4.10.1.2 LOCAL ENTITIES DESIGNSNone.

3.3.2.2.9.4.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I East Rho I Angular I In I Initial value for I
- I Velocifies I previous east rho Ii Latitude I Earth Positions I In I Initial value for I

I I previous latitude!

3.3.2.2.9.4.10.1.4 LOCAL DATA p

Ol None.

%% 3.3.2.2.9.4.1I0.1. 5 PROCESS CONTROLw Not applicable.

3.3..2..4.1.1. PROCES CONTROL
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3.3.2.2.9.4.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Reinitialize (East Rho : in Angular Velocities;
Latitude : in Earth Positions) is

begin

Previous East Rho := East Rho;
PreviousLatifude := LatiTude;

end Reinitialize;

3.3.2.2.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic formal types in the package specification for LatitudeIntegration:

j Name I Type I Description

Angular j floating I Data type of angular velocity objects 1
Velocities I point type I
EarthPositions I floating Data type of latitude and longitude valuesl

- I point type
Intervals I floating I Data type of time values

I point type I

Data objects:

The following table describes the data objects required by this part and
maintained local to the LatitudeIntegration package.

I Name I Type I Value I Description

I Previous I Angular_ I N/A j Previous value of the East component
I East Rho I Velocities I I of the Earth-relative rotation
I Previous I Earth I N/A I Previous value of the latitude
!Latitude I Positions I I

------£- ----------------------------

N%,
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3.3.2.2.9.4.10.1.8 LIMITATIONS

None.

3.3.2.2.9.4.10.2 INTEGRATE UNIT DESIGN

This unit, which is a function, calculates a new latitude through trapezoidal
integration.

3.3.2.2.9.4.10.2.1 REQUIREMENTS ALLOCATION

This unit partially meets CAMP requirement R027.

3.3.2.2.9.4.10.2.2 LOCAL ENTITIES DESIGN

None.

01 3.3.2.2.9.4.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I EastRho [ Angular [ In I Current value of the east
I Velociiies I I component of the earth-relative

I iI I rotation rate of the navigation
I [I I coordinate system
Delta Time I Intervals I In I Time interval over which the

I Iintegration is to take place

N3.3.2.2.9.4.10.2.4 LOCAL DATA

None.

3.3.2.2.9.4.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.2.9.4.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Integrate (East Rho : Angular Velocities;
Delta Time : Intervals := Default Delta Time)
return-EarthPositions is
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Latitude EarthPositions;

2 begin
A

Latitude Previous Latitude +
((EastRho - PreviousEastRho) * (0.5* Delta-Time));

Previous Latitude := Latitude;

Previous-_EastRho EastRho;

return Latitude;

end Integrate;

3.3.2.2.9.4.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic formal types in the package specification for LatitudeIntegration:

Name I Type I Description

I Angular I floating Data type of angular velocity objects 1
I Velocities point type I
I EarthPositions I floating I Data type of latitude and longitude valuesl
I I point type
Intervals I floating I Data type of time values

I I point type I

Data objects:

The following table describes the data objects required by this part and
maintained local to the Latitude_Integration package.

I Name I Type I Value I Description

I Previous I Angular_ I N/A I Previous value of the East component
I East Rho I Velocities I I of the Earth-relative rotation
i Previous I Earth I N/A I Previous value of the latitude

Latitude Positions

Subprograms and task entries:

The following describes the subprograms required by this part and defined as

generic formal subprograms to the LatitudeIntegration package:
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I I Name I Type I Description I

I "*" I function IMultiplication operator defining the operation: I
IIIAngularVelocities * Intervals := EarthPositions I

*3.3.2.2.9.4.10.2.8 LIMITATIONS

None.

3.3.2.2.9.5 LONGITUDE INTEGRATION PACKAGE DESIGN (CATALOG #P264-0)

This LLCSC, which is a package, calculates the missile's current longitude
using trapezoidal integration. This part can be used when a north pointing
local level coordinate system is being used for navigation.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.2.9.5.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R031.

3.3.2.2.9.5.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.5.3 INPUT/OUTPUT

*GENERIC PARAMETERS:

Previously defined in package specification for NorthPointingNavigationParts

Data types:

9The following table describes the generic formal types required by this part:

Name I Type I Description I

Angular_ floating Data type of angular velocity objects
I Velocities point type
EarthPositions floating Data type of latitude/longitude values

point type
Intervals floating Data type of time values

point type
Sin Cos Ratio floating Data type of values return by sin/cos

- point type functions

4A
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Data objects:

The following table describes the generic formal objects required by this part:

Name I Type I Value I Description I

Default Intervals N/A Default time over which integration is
Delta to take place
Initial Angular_ N/A Initial value of the North component of
NorthRho Velocities the earth-relative rotation rate of thel

navigation coordinate system
Initial Earth N/A Initial value of the latitude

I Latitude I PosiTionsl
I Initial Earth N/A Initial value of the longitude
I Longitude I Positions I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

SI" "/" [ function I Division operator defining the operation:
Angular Velocities / SinCosRatio :=

Angular-Velocitiesfunction [Multiplication operator defining the operation:

I I I Angular Velocities * Intervals :- Earth Positions I
Cos I function I Cosine function -

3.3.2.2.9.5.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained local to this part:

I Name I Type I Description

Previous Angular_ Previous value of the integration
IntegrationVariable Velocities I variable

0,! I Previous I Earth I Previous longitude value I
Longitude I Positions I

3.3.2.2.9.5.5 PROCESS CONTROL

0 Not applicable.
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N 3.3.2.2.9.5.6 PROCESSING

The following describes the processing performed by this part:

1package body Longitude Integration is

-- --local variables-

Previous Integration Variable : Angular Velocities
:Initial North RhoI
Cos(Inifial Latitude);

PreviousLongitude : EarthPositions := Initial-Longitude;

end LongitudeIntegration;

3.3.2.2.9.5.7 UTILIZATION OF OTHER ELEMENTS

-. None.

A3.3.2.2.9.5.8 LIMITATIONS

None.

3.3.2.2.9.5.9 LLCSC DESIGN

None.
~lI

3.3.2.2.9.5.10 UNIT DESIGN

3.3.2.2.9.5.10.1 REINITIALIZE UNIT DESIGN

This unit, which is a procedure, reinitializes the previous integration
variable and the previous longitude.

3.3.2.2.9.5.10.1.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R031.

3.3.2.2.9.5.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.5.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:
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The following table describes this part's formal parameters:

)
I Name f Type I Mode I Description

I NorthRho I Angular In I Initial value of the North
I I Velocities I I component of the earth-relative
S I I j rotation rate of the navigation
I I I I coordinate system
i Latitude I Earth Positions I In I Initial value of the latitude
i Longitude I EarthPositions I In I Initial value of the longitude

3.3.2.2.9.5.10.1.4 LOCAL DATA

None.

3.3.2.2.9.5.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.2.9.5.10.1.6 PROCESSING

The following describes the processing perfurmed by this part:

procedure Reinitialize (North rho : in Angular Velocities;
Latitude : in Earth Positions;
Longitude : in Earth-Positions) is 1A

begin

Previous IntegrationVariable := North Rho / Cos(Latitude);

Previous-Longitude :=Longitude;

end Reinitialize; A

3.3.2.2.9.5.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic formal parameters to the Longitude Integration package:

* .i
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I Name I Type I Description I

_ Angular I floating I Data type of angular velocity objects
VelociTies I point type I I

I Earth Positions I floating I Data type of latitude/longitude values Il - I point type I

I Sin Cos Ratio I floating I Data type of values return by sin/cos 
I point type I functions

Data objects:

The following objects are required by this part and maintained in the package
body of Longitude Integration:

I Name Type I Description I

I Previous [ Angular [ Previous value of the integration I
Integration Variable I Velocities I variable

I Previous I Earth I Previous longitude value
Longitude I Positions I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined as generic formal parameters to the LongitudeIntegrationpackage:

I Name I Type I Description I

II" function I Division operator defining the operation:1~~An g u l a r Ve l oc i t i e s / Si n Cos Ra til ° :o

Angular-Velocities - - I
Cos function I Cosine function

--------------------------- ------------------------------------------

3.3.2.2.9.5.10.1.8 LIMITATIONS

None.

3.3.2.2.9.5.10.2 INTEGRATE UNIT DESIGN

This unit, which is a function, calculates the new longitude using trapezoidal
integration.

3.3.2.2.9.5.10.2.1 REQUIREMENTS ALLOCATION

This unit partially meets CAMP requirement R031.
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3.3.2.2.9.5.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.9.5.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

*The following table describes this part's formal parameters:

Name I Type I Mode I Description I

NorthRho Angular In Current value of the North
VelociTies component of the earth-relative

rotation rate of the navigation
coordinate system

Latitude Earth Positions In Current latitude
Delta Time InterVals In Time interval over which the

0 -Iintegration is to take place

3.3.2.2.9.5.10.2.4 LOCAL DATA

Data objects:

The following table describes the local data maintained by this part:

I Name I Type I Value I Description I

I Longitude I EarthPositions j N/A I Longitude being calculated
TempPIV I Angular I N/A j Temporary previous integration I

I I Velocities I I variable

3.3.2.2.9.5.10.2.5 PROCESS CONTROL

MNot applicable.

3.3.2.2.9.5.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Integrate (North Rho : Angular Velocities;
Latiti:de : Earth P~sitions;
Delta Time : Intervals := DefaultDeltaTime)
return-Earth Positions is0.

-- --declaration of variables-

- - - - - - - - - - - - -
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Longitude : Earth Positions;

Temp_PIV : AngularVelocities;--------------
. --begin function Integrate

begin

Temp_PIV :~NorthRho /Cos(Latitude);

Longitude := Previous Longitude +
((Temp PIV - Previous Integration Variable) *
(0.5 W DeltaTime));-

Previous Integration Variable := TempPIV;
PreviousLongitude := Longitude;

return Longitude;

end Integrate;

3.3.2.2.9.5.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one

or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic formal parameters to the LongitudeIntegration package:

I Name I Type I Description

Angular floating Data type of angular velocity objects
Velocities point type
EarthPositions floating Data type of latitude/longitude values

point type
Intervals floating Data type of time values

point type

SinCosRatio floating Data type of values return by sin/cos
point type functions

Data objects:

The following objects are required by this part and maintained in the package
body of Longitude-Integration:

L
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I Name I Type I Description I I

I Previous I Angular I Previous value of the integration I
Integration Variable Velocities I variable
Previous j Earth J Previous longitude value

I Longitude I Positions I I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined as generic formal parameters to the LongitudeIntegration
package:

I Name I Type j Description

It/''  I function I Division operator defining the operation:
I I I Angular Velocities / SinCosRatio :=

j Angular-Velocities
I" Ifunction j Multiplication operator defining the operation:
I "*" l Angular Velocities * Intervals := EarthPositions
Cos function I Cosine function

3.3.2.2.9.5.10.2.8 LIMITATIONS

None.

3.3.2.2.10 UNIT DESIGN

3.3.2.2.10.1 COMPUTE CORIOLIS ACCELERATION UNIT DESIGN (CATALOG #P258-0)

This function computes the components of the coriolis acceleration vector when

The calculations performed are as follows:

CA := (2 * OmegaVector + Rho Vector) x VelocityVector

3.3.2.2.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R008.

3.3.2.2.10.1.2 LOCAL ENTITIES DESIGN

None.

Af

[W))NR 0, HN
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3.3.2.2.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in package
specificatic for NorthPointingNavigationParts.

Data types:

The following table describes the generic formal types required by this part:

Name I Type I Description I

I Velocity Vectors j private I Array of velocities
I AngularVelocity_ private Array of angular velocities
I Vectors I I
I AccelerationVectorsj private I Array of accelerations

Subprograms:

The following table describes the generic formal subroutines required by this
part:

SI Name I Type I Description ,

Sparse RightXAdd function Defines the way two angular velocity
vectors are added when the first0component in the second vector equalsI I 10

CrossProduct function Performs a cross product operation
-Ibetween an angular velocity vector andi

a velocity vector, resulting in an
acceleration vector

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

IName IType IModelI Description

VelocityIn VelocityVectors In Contains the E, N, and U
IIIcomponents of the missile's
Ivelocity
Rho In AngularVelocity_ In Contains the E, N, and U

- Vectors components of the missile's
velocity

Omega_In AngularVelocity- In Contains the N and U components
I IVectors of the current earth's

I I rotation rate
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3.3.2.2.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

[ Name I Type I Description

Coriolis Acceleration This is the value being calculated and
I Acceleration [ Vectors returned
TempAVV [ Angular_ [ Temporary angular velocity vector used for [

I - Velocity_ l intermediate calculations
I l Vectors l

3.3.2.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.2.10.1.6 PROCESSING

The following describes the processing performed by. this part:

function ComputeCoriolisAcceleration
(VelocityIn : Velocity Vectors;
RhoIn : AngularVelocity_Vectors;
Omega In : Angular_Velocity_Vectors)
return Acceleration Vectors is

. .--declaration of variables-

Coriolis Acceleration : Acceleration Vectors;
TempAVV : AngularVelocity_Vectors;

-- --beginning of function-

begin

Temp AVV := Sparse Right X Add(OmegaIn, OmegaIn);
Temp-AVV := Sparse-Right-X-Add(Rho In, TempAVV);
CoriolisAcceleration := Cross_Product(Temp_AVV, Velocity_In);

return CoriolisAcceleration;

end ComputeCoriolisAcceleration;

-S®
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3.3.2.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.2.10.1.8 LIMITATIONS

None.

3.3.2.2.10.2 TOTALPLATFORMROTATIONRATES UNIT DESIGN (CATALOG #P260-0)

This function computes the rotation rate of the navigation coordinate system

with respect to inertial space.

The calculations performed are as follows:

TPR := RhoVector + OmegaVector

3.3.2.2.10.2.1 REQUIREMENTS ALLOCATION

See top header.

3.3.2.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.2.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined when this part was
specified.

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I AngularVelocityVectorsl private I Array of angular velocities

Subprograms:

The following table describes the generic formal subroutines required by this
part:

%

i!!I
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I Name I Type j Description

[ Sparse Right X Add [ function I Adds two angular velocity vectors assuming
I -I -[ the x-component of the right vector equals[

I I 0.0

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

RhoVector Angular In I Rotation rate vector of the navigationI
Velocity_ I I coordinate system with respect to thel
Vectors I I earth

OmegaVector I Angular I In I Earth's rotation rate vector
I Velocity_ I

0 I I Vectors I I

3.3.2.2.10.2.4 LOCAL DATA

None.

3.3.2.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.2.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Total Platform Rotation Rates
(Rlio Vector- : Angular Velocity Vectors;
Omega Vector : Angular-Velocity Vectors)
return-AngularVelocityVectors Is

begin
return SparseRight_XAdd (Left => RhoVector,

Right => OmegaVector);
end TotalPlatformRotationRates;

-Wi"

3.3.2.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

.'7 %
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3.3.2.2.10.2.8 LIMITATIONS

None.
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package body NorthPointingNavigationParts is

pragma PAGE;
function ComputeCoriolis Acceleration

(Velocity In :-Velocity Vectors;
Rho In : AngularVelocityVectors;
Omega In : AngularVelocityVectors)
return AccelerationVectors is

.. .-- declaration of variables-

Coriolis Acceleration : Acceleration Vectors;
Temp_Avv : AngularVelocity_Vectors:

--.. beginning of function-

begin

TempAvv Sparse Right X Add(OmegaIn, OmegaIn);
Temp Avv .' Sparse-RightX-Add(RhoIn, Temp Avv);
Coriolis Acceleration := Cross Product(TempAvv, Velocity In);

return CoriolisAcceleration;

end Compute_CoriolisAcceleration;

pragma PAGE;
package body Radius Of Curvature isi- -----------

-- -- local declarations

E : constant Indices Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
V : constant Indices Indices'LAST;

pragma PAGE;
!"- ----------

,\ .. .--unit body

function Compute (Latitude : Earth Positions;
Altitude : Distances)
return Distance Vectors is

-- -- -- -- -- -- -- -- --
-,.-- declaration of variables-

A-.

4 AA Cos Of Lat : Sin Cos Ratio;
Fla. X-Sin Squared :ReaI; -

LongDenominator : Real;

% . . .
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Radius Of Curvature : Distance Vectors;
Short Denominator : Real;
SinOfLat : SinCosRatio;

. - - - - - - - - - - - - -

. .--begin finction Compute

begin

SinCos(Latitude, SinOfLat, CosOfLat);

Flat X Sin Squared := Earth Flattening Coefficient *
(SinUf Lat * SinOfLat);

ShortDenominator =1.0 -
- Altitude * One Over Earth Radius -

FlatX_SinSquared;-

Long_Denominator := Short Denominator +
2.0 * Earth Flattening Coefficient *

(Cos Of Lat*Cos Of Lat);

Radius Of Curvature(E) := Earth Radius / Short Denominator;
Radius-Of-Curvature(N) := Earth-Radius / Long Denominator;
Radius-OfCurvature(V) := Earth-Radius * (1.0-- FlatX_SinSquared) +

Altitude;

return RadiusOfCurvature;

end Compute;

end RadiusOf_Curvature;

pragma PAGE;
function Total Platform Rotation Rates

(RoVector- : AnguarVeloctyVectors;
Omega Vector : Angular-Velocity Vectors)

return-AngularVelocity_Vectors Is
begin

regurn SparseRight_X_Add (Left .> Rho Vector,

Right => Omega_Vector);
end TotalPlatformRotationRates;

pragma PAGE;
package body EarthRotationRate is

. -- declaration of variables-

E : constant Indices := Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
V : constant Indices := Indices'LAST;

pragma PAGE;
- - - - - - -

N . I :VV1V "V,-.
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-. -- unit body

function Compute (Latitude : Earth Positions)
return Angular_VelocityVectors is

.. .. declaration of variables-

Cos Of Lat : Sin Cos Ratio;
Rotation Rate : Angiilar7VelocityVectors;
Sin OfLat : SinCosRatio;

.. .--beginning offincton-

begin

Sin Cos(Latitude, Sin Of Lat, Cos Of Lat);

Rotation Rate(E) := 0.0;
Rotation Rate(N) := Earth Rate * Cos Of Lat;
RotationRate(V) :- Earth-Rate * Sin-OfLat;

return RotationRate;

end Compute;

end EarthRotationRate;

pragma PAGE;
package body EarthRelativeNavigationRotationRate is

- - - - - - - - - - - - - - -

.. .--declaration of variables-

E : constant Indices := Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
V : constant Indices := Indices'LAST;

pragma PAGE;
- - - - - - -

.. .--unit body
4 - - - - - -

function Compute (Missile Velocity : Velocity_Vectors;
Radius Of Curvature : Distance Vectors;
Latitude - : Earth Positions)

return AngularVelocityVectors is

*--declaration of variables-

-- - - - -- - - - -- - - -
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Rho : AngularVelocity Vectors;

- -- - - - - - - - - - -

.. .--beginning of funciion-

begin

Rho(E) := - Missile Velocity(N) / Radius Of Curvature(N);
Rho(N) := Missile Velocity(E) / Radius Of Curvature(E);
Rho(V) := Rho(N) W Tan(Latitude);

return Rho;

end Compute;

end EarthRelativeNavigationRotationRate;

pragma PAGE;
package body Latitude-Integration is

-- -- local declarations- - -- --------

Previous East Rho : Angular Velocities := Initial East Rho;
Previous-Latifude : Earth_Positions :-Initial Latifude;

pragma PAGE;
procedure Reinitialize (East Rho : in Angular Velocities;

Latitude : in Earth Positions) is

begin

Previous East Rho :f East Rho;
Previous-Latitude := Latitude;

end Reinitialize;

pragma PAGE;
function Integrate (East Rho : Angular Velocities;

Delti Time : Intervals := DefaultDeltaTime)
return-Earth Positions is

Latitude : Earth-Positions;

begin

Latitude := Previous Latitude +
((East_RHo- Previous EastRho) * (0.5* Delta Time));

Previous Latitude := Latitude;
Previous-EastRho := East Rho;

return Latitude;

end Integrate;
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end LatitudeIntegration;

pragma PAGE;
package body Longitude_Integration is

. -- local variables-

PreviousIntegrationVariable : Angular Velocities
:= Initial North Rho /Cos(InifialLatitude);

PreviousLongitude : Earth_Positions := InitialLongitude;

pragmna PAGE;
procedure Reinitialize (North Rho : in Angular Velocities;

Latitude : in Earth Positions;
Longitude : in Earth-Positions) is

begin

Previous Integration Variable := North Rho / Cos(Latitude);
Previous-Longitude :f Longitude;

end Reinitialize;
pragua PAGE;

A function Integrate (North Rho : Angular Velocities;
Latitude : Earth Positions:
Delta Time : Intervals :. Default Delta Time)

4 return-Earth Positions is

.. .--declaration of variables-

Longitude : Earth Positions;
TempPiv : AngularYelocities;

.. .--begin function Integrate

begin

Temp_Piv NorthRho / Cos(Latitude);

Longitude := PreviousLongitude +
((Temp Piv - PreviousIntegration Variable) *
(0.5 W Delta Time));-

Previous Integration Variable := Temp Piv;
PreviousLongitude "-Lontude;

return Longitude;

tWSONA
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end Integrate;

end Longitude_Integration;

end NorthPointingNavigationParts;

I •
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3.3.2.3 WANDERAZIMUTHNAVIGATIONPARTS (PACKAGE BODY) TLCSC P002 (CATALOG
#P234-0)

This package contains the specifications for all parts which can be used in a
Wander Azimuth navigation coordinate system environment.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.3.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this
part:

I Name j Requirements Allocation

Compute East Velocity R185
Compute-North Velocity R186
ComputeEarth-Relative Horizontal Velocities R001
Compute-Total-Angular Velocity - R004
Compute Coriolis Acceleration R007Coriolis Acceleration From TotalRates R187

Radius of Curvature -R035
Total Platform Rotation Rate R011
Earth RotationRate - R013
Earth-Relative-Rotation Rate R025
LatitUde -- R029
Compute Latitude using Arctangent R030
ComputeLongitude -R033
ComputeWanderAzimuthAngle R028

3.3.2.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.3 INPUT/OUTPUT

None.

3.3.2.3.4 LOCAL DATA

None.

3.3.2.3.5 PROCESS CONTROL

Not applicable.

Ir i ,fV - f.f I
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3.3.2.3.6 PROCESSING

The following describes the processing performed by this part:

package body WanderAzimuthNavigationParts is

function ComputeEast Velocity
(Nominal East Velocity : Velocities;
Nominal -North Velocity : Velocities;
Current-Wander_Angle : Wander Angles)
return Velocities is separate;

function Compute East Velocity with Sin Cos In
(Nominal East VeloEity : Velocities;
Nominal-Nort Velocity : Velocities;
Sine of-Wandei Angle : Sin Cos Ratio;
Cosine of Wander Angle : Sin-Cos-Ratio)
return Velocities-is separateT-

function Compute North Velocity
(Nominal East Velocity : Velocities;
Nominal-North Velocity : Velocities;
Current.wWande-r Angle : WanderAngles)
return Velocities is separate;

function Compute North Velocity with Sin Cos In
(Nominal East VeloclIty 7 Veloci-ies;
Nominal-Nort Velocity : Velocities;
Sine of-Wander Angle : Sin CosRatio;
Cosine f Wander Angle : Sin Cos Ratio)
return Velocities-is separate;

procedure Compute Earth Relative Horizontal Velocities
(Nominal East Velocity : in Velocities;
Nominal-Nortl Velocity : in Velocities;
Current Wander Angle : in Wander Angles;
East Velocity : out Velocifies;
North_Velocity : out Velocities)
is separate;

procedure Compute Earth Relative Horizontal Velocities withSinCosIn
(Nominal East Velocity : in - Velocities;

Nominal-NortHi Velocity : in Velocities;
Sine of-Wander Angle : in Sin Cos Ratio;
Cosine of Wander Angle : in Sin Cos Ratio;
East VeloCity : out Velocities;
NorthVelocity out Velocities)
is separate;

function Compute Total Angular Velocity
(Rho East : Angular Velocities;
RhoNorth : Angular-Velocities)
return Angular Velocities is separate;

function Compute Coriolis Acceleration
(Velocityin : Velocity Vectors;
Rhoin AngularVelocityVectors;

%1 . Nc p
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Omegain Angular VelocityVectors)
return AccelerationVectors is separate;

package body CoriolisAccelerationFromTotalRates is separate;

function Compute Curvatures
(DC f V : Direction Cosine Matrix Elements;
DC-PNE : Direction-Cosine-Matrix-Elements;
DC-P -NN : DirectionCosineMatrix-Elements;
Current Altitude : Distances)

return InverseDistanceVectors is separate;

function Total Platform Rotation Rate
(RHo Vector- : AngularVelocityVectors;
Omega Vector : Angular Velocity Vectors)

return AngularVelocity_-Vectors is separate;

package body EarthRotationRate is separate;

function Compute Earth Relative Navigation RotationRate
(Missile Velocity : VelocityVectors
Curvatures : Inverse Distance Vectors)

return Angular VelocityVectors is separate;

function ComputeLatitude (SinLatitude : Sin Cos Ratio)
return Earth-Postons is separate;

function Compute Latitude using Arctangent
(DC F V : Diiection Cosine Matrix Elements;
DC-P-NE : DirectionCosine-Matrix-Elements;
DC-P-NN : Direction-CosineMatrix Elements)
return EarthPositions is separateT

function Compute Latitude using Two Value Arctangent
(DC F V : Direction Cosine Matrix Elements;
DC-P-NE : Direction-Cosine-Matrix-Elements;
DC-P NN : Direction-Cosine-Matrix-Elements)
return EarthPositions is separate;

function Compute Longitude
(DC K V : Direction Cosine Matrix Elements;
DC-G-V : Direction-Cosine-Matrix-Elements)
return EarthPositions is separate;

function Compute Longitude using Two Value Arctangent
(DC R V : Direction Cosine Matrix Elements;
DC-G-V : Direction-Cosine-Matrix-Elements)
return EarthPositions is separate;

function Compute Wander Azimuth Angle
(DC P NE : Direction Cosine Matrix Elements;
DC-P-NN : Direction-Cosine-Matrix-Elements)

4 return WanderAngles-is separate;

1141Y function Compute Wander Azimuth Angle using Two Value Arctangent
(DC P NE : 5irection Cosine Matrix Elements;
DC7PNN : Direction Cosine-Matrix Elements)
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return WanderAngles is separate;

end WanderAzimuthNavigationParts;

3.3.2.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.8 LIMITATIONS

None.

3.3.2.3.9 LLCSC DESIGN

3.3.2.3.9.1 CORIOLIS ACCELERATIONFROMTOTALRATES PACKAGE DESIGN (CATALOG
#P240-0)

This package contains a function which computes the Coriolis acceleration given
the velocity vector, Rho vector, and Total Rates vector.

The computations are performed as follows:

(2 * Omega Vector + Rho Vector) x Velocity Vector

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.3.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R187.

3.3.2.3.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters for this part were previously defined in the
package specification of WanderAzimuthNavigationParts:
Data types:

The following table describes the generic formal types required by this part:

* .@
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I Name J Type J Description I
I Acceleration Vectors private Array of acceleration measurements
I AngilarVelocities floating Data type defining angular velocityl
IIpoint type measurements

k Indices discrete Used to dimension AngularVelocityI
I I type Vectors
Angular Velocity Vectors array I Array of angular velocities
VelocityVectors- privat Array of velocity measurements

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description II

ICross-Product function Cross product function performing a cross

I I product operation on AngularVelocity Vectors I
I I I and VelocityVectors to obtain Acceleration II I I Vectors- I

FORMAL PARAMETERS:

.The following table describes the formal parameters to the unit contained in
this part:

I Name I Type I Mode I Description

I Velocityin Velocity In Contains the nominal East, North
Vectors and vertical components of the

missile's velocity
Omega Angular In Contains the nominal East, North

I Velocity_Vectors and vertical components of the
I I missile's velocity
Total Rates I Angular_ In Contains the nominal East, North

VVelocityVectors and vertical components of the
SI-t total platform rate

3.3.2.3.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

04_ ~
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I Name I Type I Value I Description

E I Indices I Indices'FIRST Index into first element of array I
I N I Indices j Indices'SUCC(E) I Index into second element of array I
I U I Indices I Indices'LAST I Index into last element of array I

The following table describes the data objects maintained by the unit contained
in this part:

I Name I Type j Value I Description I

TempAVV I Angular I N/A I Temporary angular velocity vector I
I Velocity I

I I Vectors I I

3.3.2.3.9.1.5 PROCESS CONTROL

Not applicable.

3.3.2.3.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
package body CorTolisAcceleration 'romTotalRates is

-- --declaration of variables-

E : constant Indices := Indices'FIRST;
N : constant Indices Indices'SUCC(E);U : constant Indices := Indices'LAST; )

-- --unit body- ]
function Compute (Velocity_In : VelocityVectors;

Omega : Angular Velocity Vectors;
Total Rates : AngularVelocityVectors)
return Acceleration Vectors is

- --declaration of variables-

Temp_A_VV : Angular Velocity_Vectors;

-- - - - - - - - - - - - -

kXd
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-- --begin function Compute

begin

Temp_AVV(E) := Omega(E) + Total Rates(E);
TempAVV(N) := Omega(N) + Total-Rates(N);
Temp_AVV(U) := Omega(U) + Omega(U);

return Cross_Product(TempAVV, VelocityIn);

end Compute;

end CoriolisAccelerationFromTotal.Rates;

3.3.2.3.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.9.1.8 LIMITATIONS

None.

' 3.3.2.3.9.1.9 LLCSC DESIGN

None.-

3.3.2.3.9.1.10 UNIT DESIGN

None.

3.3.2.3.9.2 EARTHROTATIONRATE PACKAGE DESIGN (CATALOG #P243-0)

This package contains a function which computes the rotation rate of the Earth

given some elements of the Direction Cosine matrix.

The computations are performed as follows:

Omega(i) := Direction Cosine Matrix(P,i) * Earth's rotation rate

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.3.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R013.
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3.3.2.3.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of WanderAzimuthNavigationParts:

Data types:

The following table describes the generic formal types required by this part:

Name I Type I Description I

I AngularVelocities floating Data type defining angular velocityl
point type measurements

I Indices discrete Used to dimension angularvelocity_
type vector

I AngularVelocityVectorsl array I Array of angular velocities
dimensioned by Indices type

Direction Cosine floating Used to define elements of the
Matrix _Eements- point type direction cosine matrix J

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description

I EafthRate I AngularVelocities I N/A I Rotation rate of the Earth I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

I "*" I function I Multiplication operator defining the operation: I
I 1 I Direction Cosine Matrix Elements *
I I I Angular Velocities => AngularVelocities

FORMAL PARAMETERS:

The following table describes the formal parameters to the unit in this part:

AVWU.V~~~~f it kN-4NN * V -N V
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I Name I Type I Mode I Description I

DC P V Direction Cosine In Sine of the current latitude of the
- Matrix Elements- missile

DC P NE Direction Cosine In Product of the sine of the wander
- MatrixElements- angle and the cosine of the I

latitude
DC P NN Direction Cosine In Product of the cosine of the wander

- - MatrixElements- angle and the cosine of the
I Ilatitude

3.3.2.3.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name j Type j Value I Description

INE IIndices IIndices'FIRST IIndex into first element ofI
array I

INN I Indices I Indices I Index into second element of
*l I I 'SUCC(NE) I array

V I Indices I Indices'LAST I Index into third element of I
I I I I array

The following table describes the data objects maintain by the unit in this
part:

I Name I Type I Value I Description I

Rotation-Rate I Angular j N/A I Vector being calculated and I
Velocity_ returned

I I Vectors

3.3.2.3.9.2.5 PROCESS CONTROL

Not applicable.

3.3.2.3.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
package body EarthRotatlionRate is

-- - - - - - - ------

---- local declarations

V
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NE : constant Indices Indices'FIRST;
NN : constant Indices Indices'SUCC(NE);
V : constant Indices Indices'LAST;

---- unit body-

function Compute (DC P V : Direction Cosine Matrix Elements;
DC-P-NE : Direction-Cosine-Matrix-Elements;
DC-P NN : Direction Cosine- Matrix-Elements)
return AngularVelocityVectors is

S-- --declaration of variables-

RotationRate : AngularVelocity_Vectors;

---- beginning of function-

begin

Rotation Rate(NE) := DC P NE * Earth-Rate;
RotationRate(NN) := DCPNN * Earth Rate;
RotationRate(V) := DC-P V * EarthRate;

return Rotation-Rate;

end Compute;

end EarthRotationRate;

3.3.2.3.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.9.2.8 LIMITATIONS

None.

3.3.2.3.9.2.9 LLCSC DESIGN

None.

AM
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3.3.2.3.9.2.10 UNIT DESIGN

None.

3.3.2.3.10 UNIT DESIGN

3.3.2.3.10.1 COMPUTEEASTVELOCITY UNIT DESIGN (CATALOG #P235-0)

This function computes the east velocity given the nominal east and north
velocities and the wander angle.

The computations are performed as follows:

VelE := VelNE * Cos(WA) - VelNN * Sin(WA)

where VelNE = nominal east velocity
VelNN = nominal north velocity
WA = wander angle

3.3.2.3.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R158.

."s3..3.2.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the Wander AzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

-----------------------------------------------------------------------------
Name I Type I Description

-----------------------------------------------------------------------------
ISin Cos Ratio I floating I Data type of results from a sine or cosine
I - point type [ operation
I Velocities I floating I Data type of velocity measurements

point type [
[ WanderAngles [ floating j Data type of wander angle measurements

[ point type [--------------------------------------------------------------
Subprograms:

61NN
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The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I""I function I Multiplication operator defining the operation: I
I I I Velocities * Sin Cos Ratio => Velocities I
I SinCos I procedure I Returns the sine and -osine of a wander angle

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Nominal East i Velocities I In I Velocity which would be east if thel
I Velocify I I I wander angle was 0
I Nominal North I Velocities i In I Velocity which would be north if I
I Velocity I I I the wander angle was 0 I
I Current I WanderAngles In I Current wander azimuth angle I
I Wander_-Angle I I I j
3.3.2.3.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

I Cos ofAngle Sin CosRatio IN/A I Cosine of current wander angle I
I Sin-of-Angle I SinCosRatio I N/A I Sine of current_wander_angle I

3.3.2.3.10.1.5 PROCESS CONTROL

Not applicable.

0 3.3.2.3.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (WanderAzimuth NavigationParts)
function Compute East VeIocity

(Nominal East Velocity : Velocities;
Nominal-Nortli Velocity : Velocities;
Current Wande-_Angle : Wander Angles) return Velocities is

-- - - - - - - -- - - - - - -
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.. --declaration of variables-
-- -- -- - - - - - - - - - - -

Cos of Angle : Sin Cos Ratio;
Sin of Angle : SinCosRatio;

--begin function ComputeEastVelocity

begin

Sin Cos(CurrentWanderAngle, Sin ofAngle, Cos ofAngle);

return ( Nominal East Velocity * Cos ofAngle -

Nomina North _Velocity * Sin or ..ngle);

end ComputeEastVelocity;

3.3.2.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.1.8 LIMITATIONS

None.

3.3.2.3.10.2 COMPUTENORTHVELOCITY UNIT DESIGN (CATALOG #P236-0)

This function calculates the North velocity component of a missile given the
nominal north and east velocities of the missile.

The computations are performed as follows:

VelN := VelNE * Sin(WA) + VelNN * Cos(WA)

where VelNE = nominal east velocity
VelNN = nominal north velocity
WA = wander angle

L.3.2.3.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R186.

3.3.2.3.10.2.2 LOCAL ENTITIES DESIGN

None.
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3.3.2.3.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part;s
specification in the WanderAzimuthNavigation_Parts package specification:

Data types:

The following table describes the generic formal types required by this part:

Name I Type I Description

I SinCosRatio I floating I Data type defining results of a sine or
I point type I cosine operation I

I Velocities I floating I Data type defining velocity measurements
point type I I

Wander Angle I floating j Data type defining wander angle measurements I
I point type I I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I function I Multiplication operator defining the operation: I
I I Velocities * Sin Cos Ratio => Velocities I

I Sin Cos I procedure I Procedure calculating-sine and cosine values of a
I - jI wander angle

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Type I Mode I Description I

Nominal East Velocities In Velocity in the direction which
VelociTy - would be East if the wander angle

was 0
Nominal North Velocities In Velocity in the direction which
VelociTy - would be.North if the wander angle

II was 0
Current Wander In Value of the current wander angle

IWander Angle Angles

-----------------------------------------------------------I

IlkI 1W V
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3.3.2.3.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

4part-

I Name I Type I Value I Description I

I Cos ofAngle I Sin Cos Ratio I N/A I Cosine of current-wander angle
I Sin-of-Angle I Sin Cos Ratio I N/A I Sine of current wanderangle

3.3.2.3.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth NavigationParts)
function Compute North Velocity

(Nominal East Velocity : Velocities;
4= Nominal North Velocity : Velocities;

CurrentCWande-_Angle : Wander-Angles) return Velocities is

---- declaration of variables-

Cos of Angle : Sin Cos Ratio;
SinofAngle : Sin-_CosRatio;

--begin function ComputeNorthVelocity

0 begin

SinCos(CurrentWanderAngle, SinofAngle, CosofAngle);

return ( Nominal East Velocity * Sin of Angle +
NominalNortlVelocity * Cos_olAngle);

end ComputeNorthVelocity;

3.3.2.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

0. None.

___ __ eP N
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3.3.2.3.10.2.8 LIMITATIONS

None.

3.3.2.3.10.3 COMPUTE EARTH RELATIVE HORIZONTAL VELOCITIES UNIT DESIGN (CATALOG
#P237-0)

This procedure computes the north and east velocity given the nominal east and
north velocities and the wander angle.

The computations are performed as follows:

VelE := VelNE * Cos(WA) - VelNN * Sin(WA)
VelN := VelNE * Sin(WA) + VelNN * Cos(WA)

where VelNE = nominal east velocity
VelNN = nominal north velocity
WA = wander angle

3.3.2.3.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R001.

3.3.2.3.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

*The following generic parameters were previously defined for this part's
specification in the WanderAzimuth Navigation_Parts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name Type I Description

I Sin CosRatio I floating I Data type defining results of a sine or
I - I point type cosine operation
I Velocities floating I Data type defining velocity measurements
I I point type I
I WanderAngles I floating I Data type defining wander angle
I I point type I measurements

Subprograms:
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The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

function I Multiplication operator defining the operation:
I I I Velocities * Sin Cos Ratio => Velocities
I SinCos I procedure J Returns the sine and -cosine of an input angle I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I
Nominal East Velocities I In Velocity in the direction that
VelociTy - I would be East if the wander

l Iangle was 0e 1 Nominal North Velocities I In Velocity in the direct that would
Velocify - I be North if the wander angle was

l 0
Current I WanderAnglesl In Value of the current wander angle
Wander-Angle I I
E EastVelocity Velocities I Out Current.east velocity of the

I Imissile
NorthVelocity Velocities I Out Current north velocity of the

I Imissile

3.3.2.3.10.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

1 Name I Type I Value I Description I

I Cos of Angle I Sin Cos Ratio I N/A J Cosine of current wander angle I
I Sin-ofAngle I Sin CosRatio I N/A I Sine of current wanderangle I

3.3.2.3.10.3.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.3.6 PROCESSING

The following describes the processing performed by this part:

separate (WanderAzimuthNavigationParts)

N0N.tN1
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procedure Compute Earth Relative Horizontal Velocities
(Nominal East Velocity : in Velocities;
Nominal-North Velocity : in Velocities;
Current Wander Angle : in WanderAngles;
East Velocity : out Velocities;
North_Velocity : out Velocities) is

* . --declaration of variables-
-Cos of Angle :Sin Cos Ratio;

Sin-of-Angle : Sin Cos-Ratio;

--begin procedure ComputeEarthRelativeHorizontalVelocities

begin

SinCos(Current WanderAngle, SinofAngle, CosofAngle);

EastVelocity := Nominal East Velocity * Cos of Angle -

- Nominal-Nortli Velocity * Sii o? Angle;
North Velocity := Nominal East Velocity *Sin-of-Angle +

-Nominal_-NortliVelocity *Cos ofAngle;

end Compute Earth Relative Horizontal Velocities;

3.3.2.3.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.3.8 LIMITATIONS

None.

03.3.2.3.10.4 COMPUTE TOTAL ANGULARVELOCITY UNIT DESIGN (CATALOG #P238-0)

This function computes the total angular velocity (which represents the ground
speed) given the nominal north and east nominal velocities.

The computations are performed as follows:

TAVel := Sqrt( RhoNN**2 + RhoNE**2)

where RhoNN = nominal north component of the current rotation rate of the
missile's navigation frame with respect to the earth RhoNE = nominal east
component of the current rotation rate of the missile's navigation frame with
respect to the earth

S@
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3.3.2.3.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R004.

3.3.2.3.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

Name Type I Description I

1 AngularVelocities I floating I Data type used for angular I
I I point type I velocity measurements I
I Angular-Velocity-Squared Ifloating Data type of object resulting I

- point type I from the multiplication of two I
" [I objects of type AngularVelocity [

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

I "t*"t I function IMultiplication operator defining the operation: I
Angular Velocities * AngularVelocities => I

I I I Angular Velocity Squared I
I Sqrt I function ( Square root function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Od
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Name I Type I Mode l Description

I Rho East I Angular I In j Nominal east component of the current
I - I[ Velocities I J rotation rate of the missile's naviga-
I I I I tion frame with repsect to the Earth
I Rho North I Angular I In I Nominal north component of the current
I - ] Velocities j rotation rate of the missile's naviga-

I I tion frame with repsect to the Earth

3.3.2.3.10.4.4 LOCAL DATA

None.

3.3.2.3.10.4.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.4.6 PROCESSING

The following describes the processing performed by this part:
separate (Wander Azimuth Navigation Parts)

function Compute Total_AgularVelocity
(RhoEast : Angular Velocities;
RhoNorth : Angular Velocities) return AngularVelocities is

begin

return Sqrt(RhoEast * RhoEast + RhoNorth * Rho North);

end Compute TotalAngularVelocity;

3.3.2.3.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.4.8 LIMITATIONS

None.

3.3.2.3.10.5 COMPUTE CORIOLIS ACCELERATION UNIT DESIGN (CATALOG #P239-0)

This function computes the Coriolis acceleration given the velocity vector, Rho

vector, and Omega vector.

The computations are performed as follows:

CorAccei ,_ (2 * Amega Vector + Rho VectoL) x Velocity Vcctor

N -'. *% l
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3.3.2.3.10.5.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R007.

I3.3.2.3.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

Name Type j Despription I

Acceleration Vector private Contains East, North, and vertical I$ - components of the Coriolis
I I" acceleration i
AngularVelocity_Vector private Contains East, North, and vertical

Icomponents of the Earth's I
rotation rate I

VelocityVector private Contains East, North, and vertical I
- Icomponents of the missile's I

I I velocity I

* Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

SparseRightXAdd function Adds two AngularVelocity Vector's
- - - assuming the x-component of the second
_vector equals 0

SparseRight_ZAdd function Adds two Angular Velocity Vector's
I Iassuming the z-component of the second

vector equals 0
CrossProduct function Cross product function crossing an

-I Angular Velocity Vector with a
Velocity Vector To obtain an
Acceleration Vector0 1 ---- --- ---- --- --- --- ---- --- --- --- ---- --- --- --- ---- --- --- ---
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FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name j Type I Mode I Description

VelocityIn VelocityVector In Contains the nominal East,
North, and vertical components
of the missile's current
velocity

Rho in Angular In Contains the nominal East, North,I
- Velocity_Vector and vertical components of the

Icurrent earth-relative
navigation frame rotation rate
(vertical component assumed to
equal 0 and is therefore~ignored)

0mega_in Angular In Contains the nominal East, North,I
Velocity_Vector I and vertical components of the

IIIIcurrent Earth's rotation rate

3.3.2.3.10.5.4 LOCAL DATA

Data objects:.

The following table describes the data objects maintained by this part:

U Name I Type I Value I Description i

I Temp A V V i Angular j N/A I Temporary angular velocity I
[ VelociTy_ I j vector
I Vector i [

3.3.2.3.10.5.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.5.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander AzimuthNavigationParts)
function Compute Coriolis Acceleration

(Velocity_In - VelocityVectors;
Rho In Angular Velocity Vect, rs;RmegaIn : AngularVelocity-_Vectors)
return AccelerationVectors is

-- declaration of variables-

0* ,
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Temp A V V : Angular VelocityVectors;

--begin function ComputeCoriolisAcceleration

begin

Temp_AVV := Omega In + Omega In;
TempAVV := SparseRight_Z_Add(Temp_A_VV, RhoIn);

return Cross_Product(TempAVV, Velocity_In);

end ComputeCoriolisAcceleration;

3.3.2.3.10.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.5.8 LIMITATIONS

None.

3.3.2.3.10.6 COMPUTECURVATURES UNIT DESIGN (CATALOG #P241-0)

This generic function computes the inverse radius of curvature vector given
three elements of the direction cosine matrix and the current altitude.

3.3.2.3.10.6.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R035.

3.3.2.3.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.6.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of WanderAzimuthNavigationParts:

Data types:

The following table summarizes the generic formal types required ry this part:
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I Name I Type I Description

Indices discrete Used to dimension Distance Vectors
type

Direction Cosine floating Used to define elements of a
Matrix Elements point type direction cosine matrix

Distances floating Data type defining distance
point type measurements

Inverse Distances floating Data type of one over distance I
point type measurements

Real floating Data type used to define Earth_
point type FlatteningCoefficient

Inverse Distance array Array of "Inverse Distances"
Vectors - dimensioned by "Indices"

Data objects:

The following table summarizes the generic formal objects required by this
part:

j Name m Type I Description I

Earth Flattening_ Real Coefficient of earth flattening
Coeflicient I I
One Over Earth Radius Inverse Value of 1/Earth radius

I IDistances I
NE Indices Indices'FIRST I
NN Indices Indices'SUCC(NE) I
V Indices Indices'LAST I
TwoFlat Real 2.0 * EarthFlattening_Coefficient I

Subprograms:

The following table summarizes the generic formal subroutines required by this

part:

.1 Name I Type I Description I

I "I*" Ifunction j Multiplication operator defining the operation: I
I m I Distances * Inverse Distances => Real
I "*" j function I Multiplication operator defining the operation: I
m I I Real * Direction Cosine Matrix Elements => Real I
m"*" Ifunction I Division operator-defining the operation:
I I I InverseDistances * Real => InverseDistances m

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

*' ii
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I Name I Type I Mode I Description I

DC P V Direction Cosine In Sine of the current latitude of
- - Matrix Elements- the missile

DC P NE Direction Cosine In Product of the sine of the current
- MatrixElements- wander angle and the cosine of

the latitude
DC P NN Direction Cosine In Product of the cosine of the

- - Matrix Elements- wander angle and the cosine of
I I Ithe latitude
Current Distances In Current altitude of the missile

I Altitude

3.3.2.3.10.6.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name Type I Description I

I Denominator IReal I Intermediate calculation I
I Distance Ratio I Real I Intermediate calculation I
Partial Denominator I Real I Intermediate calculation

ICurvatures IInverse Distance- I Vector being calculated and I
I I vectors IreturnedI

I TwoFlat x DCPNN I Real I Intermediate calculation I

3.3.2.3.10.6.5 PROCESS CONTROL

Ai Not applicable.

*3.3.2.3.10.6.6 PROCESSING

The following describes the processing performed by this part:

separate (WanderAzimuth NavigationParts)
function Compute Curvatures

(DC F V : Direction Cosine Matrix Elements;

DC-P-NE : Direction-Cosine-Matrix-Elements;
DC-P-NN : DirectionCosine Matrix-Elements;Current Altitude : Distances)
return InverseDistanceVectors is

-- --declaration of variables-

Denominator : Real;
DistanceRatio : Real;

W. PC IY
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Partial Denominator : Real;
Curvatures : Inverse Distance Vectors;
Two Flat x DC P NN : Real;

--beginning of function-

begin

Distance Ratio := CurrentAltitude * OneOverEarthRadius;
PartialDenominator := 1.0 -

Distance Ratio -
Earth FlatteningCoefficient *
(DCP_V * DCP_V);

Denominator := Partial Denominator +
Two Flat * (DC P NE * DC P NE);

Curvatures(NE) := OneOverEarthRadius * Denominator;

Two Flat x DCPNW := Two Flat * DCP NN;
Denominator := Partial Denominator +

Two FIat x DC P NN * DC P NN;
Curvatures(NN) := One Over Earth Radius * Denounator;

Denominator := Two Flat x DC P NN* DC P NE; .1
Curvatures(V) := .One OverEartl Radius * Denominator;

return Curvatures;

end ComputeCurvatures;

3.3.2.3.10.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.6.8 LIMITATIONS

None.

3.3.2.3.10.7 TOTALPLATFORMROTATIONRATE (FUNCTION BODY) UNIT DESIGN (CATALOG
#P242-0)

This function computes the rotation rate of the navigation coordinate system
with respect to inertial space given the Rho and Omega vectors.

The computations performed are as follows:

TPR := Rho Vector + Omega Vector
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3.3.2.3.10.7.1 REQUIREMENTS ALLOCATION

See main header for enclosing package.

3.3.2.3.10.7.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.7.3 INPUT/OUTPUT

GENERIC PARAMETERS:
* IThe following generic parameters were previously defined when this part was

specified.

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I AngularVelocity_Vectors[ private I Array of angular velocity measurements I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I Sparse RightZ_ I function I Adds two angular velocity vectors assuming I
1Add I Ithe third component of the right array

equals 0

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

IJ

jr,

L~
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I Name I Type I Mode I Description I

Rho Vector I Angular I In I Contains the nominal East, I
I Velocify_Vectorsi North, and vertical components

of the rotation rate of the I
navigation coordinate system I
with respect to the earth I
(vertical component assumed to i
equal 0 and is therefore I
ignored)

Omega Vector Angular_ In Contains the nominal East, I
I VelocityVectorsi I North, and vertical components

I of the earth's rotation rate I

3.3.2.3.10.7.4 LOCAL DATA

None.

3.3.2.3.10.7.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.7.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth NavigationParts)
function Total Platform Notation Rate

(Rho Vector : AngularVelocityVectors;
OmegaVector : AngularVelocityVectors)

return Angular.Velocity Vectors isbegin

return SparseRight_ZAdd(Left => OmegaVector,
Right -> RhoVector);

end TotalPlatformRotationRate;

3.3.2.3.10.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.7.8 LIMITATIONS

None.

3.3.2.3.10.8 COMPUTEEARTHRELATIVENAVIGATIONROTATIONRATE UNIT DESIGN (CATALOG
A. #P244-0)

This function computes the rotation rate of the navigation coordinate system
with respect to the Earth given the Velocity and Radius of Curvature vectors.
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The computations are performed as follows:

RhoNE := - (VelNE * RCV) - (VelNN * RCNN)
RhoNN := (VelNE * RCNE) + (VelNN * RCV )

where VelNx = nominal x-component of the missile's current velocity
RCx = nominal x-component of the radius of curvature

3.3.2.3.10.8.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R025.

3.3.2.3.10.8.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.8.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of WanderAzimuthNavigation Parts:

S Data types:

The following table summarizes the generic formal types required by this part:

Name I Type I Description I

Velocities I floating Data type defining velocity
point type measurements

Inverse-Distances floating Data type defining inverse
point typd distance measurements

Angular-Velocities floating Data type defining angular
point type velocity measurements

Indices discrete Data type used to dimension
type vector types

AngularVelocityyectors array Array of angular velocities
dimensioned by "Indices"

Velocityectors array Array of velocities dimensioned
by "Indices"

InverseDistanceVectors array Array of inverse distances
dimensioned by "Indices"

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

ON.
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1 Name I Type I Description I

"/!" j function Division operator defining the operation:
I I IVelocities * Inverse Distances => Angular-Velocities I

FORMAL PARAMETERS:

The following table describes the formal parameters to the unit in this part:

I Name I Type I Mode l Description I

Missile I Velocity_VectorsI In I Contains nominal East and North I
Velocity I I I components of the missile's I

nvrse I current velocity
Curvatures Inverse I In I Contains nominal East, North, and

I Distance I I vertical components of the
I Vectors I I inverse radius of curvature I

3.3.2.3.10.8.4 'LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I
Rho Angular I N/A I Vector being calculated and I

Velocity_ I I returned
Vectors I

3.3.2.3.10.8.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.8.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-Earth Relative Navigation Rotation Rate

(Missile Velocity : Velocity Vectors; i

Curvatures : Inverse DistanceVectors)
return Angular Velocity Vectors is

----declaration of variables-

_at-on-o
,e a
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Rho AngularVelocity Vectors;

--beginning of function-

begin

Rho(NE) := - Missile Velocity(NE) * Curvatures(V) -

Missile Velocity(NN) * Curvatures(NN);
Rho(NN) := Missile Velocity(NE) * Curvatures(NE) +

Missile7Velocity(NN) * Curvatures(V);
Rho(V) 0.0;

return Rho;

end Compute Earth Relative Navigation Rotation Rate;

3.3.2.3.10.8.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.8.8 LIMITATIONS

. None.

3.3.2.3.10.9 COMPUTELATITUDE UNIT DESIGN (CATALOG #P245-0)

This function computes the current latitude given the sine of the latitude.

3.3.2.3.10.9.1 REQUIREMENTS ALLOCATION

See main header for enclosing package.

3.3.2.3.10.9.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.9.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined when this part was
specified:

Data types:

The following table describes the generic formal types required by this part:
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SName I Type I Description

I EarthPositionsl floating I Data type used to define longitude and
I I point type I latitude measurements
I Sin Cos Ratio I floating I Data type used to define results from a
I - I point type I sine or cosine operation

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

IArcsin I function I Arcsine function

FORMAL PARAMETERS:

The following table describes the formal parameters for this part:

I Name I Type I Mode I Description

I SinLatitude Sin CosRatio I In Sine of the missile's current
I I I I latitude

3.3.2.3.10.9.4 LOCAL DATA

None.

3.3.2.3.10.9.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.9.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-Latitude (Sin LatiTude : Sin Cos Ratio)

return EarthPositions Is
begin

return Arcsin(Sin Latitude);
end ComputeLatitudeT

% , N . ~ !.~~ ' . .$h~. j .,j
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3.3.2.3.10.9.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.9.8 LIMITATIONS

None.

3.3.2.3.10.10 COMP'ITELATITUDEUSINGARCTANGENT UNIT DESIGN (CATALOG #P246-0)

This function computes the current Latitude given some elements of the

Direction Cosine matrix.

The computations are performed as follows:

Lat := Arctan(DCPV / SqRT(DCPNE**2 + DCPNN**2)

(see formal parameters section for explanation of abbreviations)

3.3.2.3.10.10.1 REQUIREMEhTS ALLOCATION

This part meets CAMP requirement R030

3.3.2.3.10.10.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.10.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I EarthPosition I floating I Data type used to define latitude and
I point type I longitude measurements

I TanRatio I floating I D..ta type used to define results of a
I I point type I tangent operation
[ Direction Cosine I floating I Data type used to define elements of a '
I Matrix Elements- point type I direction cosine matrix

Subprograms:

#.I 4 1 V-. 0- N_.V j,
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The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

SI'' ''  I function I Division operator defining the operation:
I I Direction Cosine Matrix Elements / I

I I I Direction Cosine Matrix Elements => TanRatioI
Arctan I function I Arctangent-function
Sqrt I function I Square root function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type j Mode I Description

- I DC P V Direction Cosine I In Sine of the current latitude of the
I- - Matrix Elements- I missile
DC P NE Direction Cosine I In Product of the sine of the wander

-- IMatrix Elements- angle and the cosine of the 
I I I Ilatitude

DC_P_NN Direction Cosine I In Product of the cosine of the wander
I IMatrix_EIements- uangle and the cosine of the 6%

I II Ilatitude V

3.3.2.3.10.10.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description 1

-~ I Denominator I Direction Cosine I N/A I Temporary variable used to I
ii I I Matrix_Elements I I hold results of intermediate I

I I I calculaitionsI

3.3.2.3.10.10.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.10.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-LatitudeUsing_Arctangent
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(DC P V : Direction Cosine Matrix Elements;
DC-P-NE : Direction-Cosine-Matrix-Elements;
DC_-P-NN : Direction CosineMatrix_-Elements)

return Earth Positions is

-- --declaration of variables-

Denominator : Direction Cosine Matrix Elements;

--beginning of function-

begin

Denominator := Sqrt( DC P NE * DC P NE +
DC7P NN * DCPN );

return Arctan(DC_PV / Denominator);

end ComputeLatitudeUsing_Aretangent;

3.3.2.3.10.10.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.10.8 LIMITATIONS

None.

3.3.2.3.10.11 COMPUTELONGITUDE UNIT DESIGN (CATALOG #P247-0)

This function computes the current longitude given some elements of the

direction cosine matrix.

3.3.2.3.10.11.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R033

3.3.2.3.10.11.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.11.3 INPUT/OUTPUT

i . GENERIC PARAMETERS:

VI
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The following generic parameters were previously defined for this part's
specification in the Wander Azimuth Navigation Parts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Earth Position I floating f Data type used to define latitude and I
I I point type I longitude measurements
I Tan Ratio I floating I Data type used to define results of a
I I point type [ tangent operation I
I Direction Cosine I floating i Data type used to define elements of a
I Matrix_Elements- i point type I direction cosine matrix I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

Name I Type I Description

I "/" I function I Division operator defining the operation:
Ii [ I I Direction Cosine Matrix Elements / [
i I I Direction-Cosine-Matrix-Elements => Tan Ratio
I Arctan I function I Aretangent-function -

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

i Name I Type M Mode I Description I
I DC R V I Direction Cosine I In i Product of the cosine of the current I

Matrix Elements- I I latitude and the sine of the I
I I I Icurrent longitudeI

DC G_V I Direction Cosine [ In I Product of the cosine of the current
I I MatrixElements I latitude and the cosine of the

I -J I current longitude I

3.3.2.3.10.11.4 LOCAL DATA

None.

-
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3.3.2.3.10.11.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.11.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function ComputeLongitude (DC R V : Direction Cosine Matrix Elements;

DC-G-V : Direction CosineMatrixElements)
return Earth Positions is

begin

return Arctan(DC R_V / DCGV);

end ComputeLongitude;

3.3.2.3.10.11.7 UTILIZATION OF OTHER ELEMENTS

None.

A O4 3.3.2.3.10.11.8 LIMITATIONS

None.

3.3.2.3.10.12 COMPUTE WANDERAZIMUTHANGLE UNIT DESIGN (CATALOG #P248-0)

This function computes the current wander azimuth angle given some elements of
the Direction Cosine matrix.

The computations are performed as follows:

WA := Arctan(DCPNE / DCPNN)

(see formal parameters section for explanation of abbreviations)

3.3.2.3.10.12.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R028

3.3.2.3.10.12.2 LOCAL ENTITIES DESIGN

None.

I
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3.3.2.3.10.12.3 INPUT/OUTPUT

*GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuth NavigationParts package specification:

Data types:

*The following table describes the generic formal types required by this part:

Name I Type I Description I

I Tan Ratio I floating I Data type defining results of a tangent I
I I point type I function
I Direction Cosine I floating I Data type defining elements in a
I Matrix Elements- I point type j direction cosine matrix
WanderAngles j floating j Data type defining wander angle I

I I point type I measurements

Subprograms:

The following table describes the generic formal subroutines required by this
part:

IName I Type j Description I

I "/" I function Devision operator defining the operation: [
I]I I Direction Cosine Matrix Elements /

Direction-Cosine-Matrix-Elements => Tan Ratio
I Arctan I function I Arctangent-function -

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description
----- -----------------------------------------------------------------------
I DC P NE Direction Cosine In Product of the sine of the wander I
I[ - Matrix Elements- I angle and the cosine of the I
I I "-I] I latitude I
DCPNN I Direction Cosine I In I Product of the cosine of the wander

I I MatrixElements- I I angle and the cosine of the I
I I I I latitude

3.3.2.3.10.12.4 LOCAL DATA

None.

'UN
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3.3.2.3.10.12.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.12.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function ComputeWander_Azimuth Angle

(DC P NE : Direction Cosine Matrix Elements;
DCPNN : Direction CosineMatrii Elements)
return WanderAngles is

begin

return Arctan(DCPNE / DCPNN);

end ComputeWanderAzimuthAngle;

3.3.2.3.10.12.7 UTILIZATION OF OTHER ELEMENTS

K None.

3.3.2.3.10.12.8 LIMITATIONS

None.

3.3.2.3.10.13 COMPUTE EAST VELOCITYWITH SIN COS IN UNIT DESIGN (CATALOG #P1099-0)

This function computes the east velocity given the nominal east and north
velocities and the wander angle.

The computations are performed as follows:

VelE := VelNE * Cos(WA) - VelNN * Sin(WA)

where VelNE nominal east velocity
VelNN = nominal north velocity
WA = wander angle

3.3.2.3.10.13.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.3.10.13.2 LOCAL ENTITIES DESIGN

None.
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3.3.2.3.10.13.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type j Description

I Sin Cos Ratio I floating I Data type of results from a sine or cosine
I I point type I operation
I Velocities I floating Data type of velocity measurements I

I point type I I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description M

I SinCos I procedure I Returns the sine and cosine of a wander angle I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

Nominal East Velocities In Velocity which would be east if thelVelocily -wander angle was 0

Nominal North Velocities In Velocity which would be north if
Velocily the wander angle was 0
Sine of Sin Cos In Sine of the current wander
Wan~er-Angle Ratio - azimuth angle
Cosine of Sin Cos In Cosine of the current wander
Wande_Angle Ratio - azimuth angle

3.3.2.3.10.13.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I
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I Name I Type I Description

I Answer I Velocities j East velocity being calculated

3.3.2.3.10.13.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.13.6 PROCESSING

The following describes the processing performed by this part:

separate (WanderAzimuth Navigation Parts)
function Compute East Velocity with-Sin Cos In

(Nom-Inal East VeloCity -: Velocities;
Nominal NortH Velocity : Velocities;
Sine of-Wander Angle : Sin Cos Ratio;
Cosine ofWanderAngle : SinCosRatio) return Velocities is

---- declaration of variables-

Answer : Velocities;

--begin function ComputeEastVelocity

begin

Answer := Nominal East Velocity * Cosine of WanderAngle
NominalNortliVelocity * Sine o VWnderAngle;

return Answer;

end Compute EastVelocity_withSinCosIn;

3.3.2.3.10.13.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.13.8 LIMITATIONS

None.



CAMP Software Detailed Design Document Page 178

3.3.2.3.10.14 COMPUTE_NORTHVELOCITYWITHSINCOSIN UNIT DESIGN (CATALOG
#P1101-O)

This function calculates the North velocity component of a missile given the
nominal north and east velocities of the missile.

The computations are performed as follows:

VeIN := VelNE * Sin(WA) + VelNN * Cos(WA)

where VelNE = nominal east velocity
VelNN = nominal north velocity
WA = wander angle

3.3.2.3.10.14.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.3.10.14.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.14.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigation.Parts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

I Sin Cos Ratio floating I Data type defining results of a sine or
[ - - point type [ cosine operation
[ Velocities [ floating I Data type defining velocity measurements I
I I point type I I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

------------------------------------- 4----------------------------a....................

I Name I Type I Description t

I "*" function [ Multiplication operator defining the operation:
I I I Velocities * SinCosRatio => Velocities ]
-- ----o
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FORMAL PARAMETERS:

The following table describes this part's formal parameters:

[ Name [ Type [ Mode I Description I

Nominal East Velocities In Velocity in the direction which
VelociTy - would be East if the wander angle

was 0
Nominal North Velocities In Velocity in the direction which
Velocity - would be North if the wander angle

was 0
Sine of Sin Cos In Sine of the current wander
Wander-Angle RaTio - azimuth angle
Cosine of Sin Cos In Cosine of the current wander
Vander_ Angle RaTio - azimuth angle

- 3.3.2.3.10.14.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

T Name - Type - Description I

Answer Velocities I North velocity being calculated I

3.3.2.3.10.14.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.14.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-North Vilocity witfliSin Cos In

(Nominal East Velocity : VeIocities;
Nominal-Nortli Velocity : Velocities;
Sine of WandeT Angle : Sin Cos-Ratio;
Cosine6f-fWanderAngle : Sin-CosRatio) return Velocities is

---- declaration of variab.es-

~Answer : Velocities;

--begin function ComputeNorth Velocity
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begin

Answer := Nominal East Velocity * Sine of Wander Angle +
NominalNorth_Velocity * Cosine of WanderAngle;

return Answer;

end ComputeNorthVelocity_withSinCosIn;

3.3.2.3.10.14.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.14.8 LIMITATIONS

None.

3.3.2.3.10.15 COMPUTE EARTH RELATIVE HORIZONTAL VELOCITIES WITH SIN COS IN UNIT
DESIGN (CATALOG P1107-0) ... . . .

This procedure computes the north and east velocity given the nominal east and
north velocities and the wander angle. %

The computations are performed as follows:

VelE := VelNE * Cos(WA) - VelNN * Sin(WA)
VelN := VelNE * Sin(WA) + VelNN * Cos(WA)

where VelNE = nominal east velocity
VelNN = nominal north velocity
WA = wander angle

3.3.2.3.10.15.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.3.10.15.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.15.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigation Parts package specification:
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Data types:

The following table describes the generic formal types required by this part:

I Name I Type J Description

I Sin Cos Ratio I floating Data type defining results of a sine or
I point type i cosine operation

I Velocities I floating I Data type defining velocity measurements
I I point type I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

* * I t1*tfunction I Multiplication operator defining the operation:
I I I Velocities * SinCosRatio => Velocities

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

Nominal East Velocities In Velocity in the direction that
Velocity - would be East if the wander

angle was 0
Nominal North Velocities In Velocity in the direct that would
Velocity - be North if the wander angle was

0
Current WanderAnglesi In I Value of the current wander angle
Wander-Angle
Sine of- Sin Cos In Sine of the current wander
Wan~er-Angle RaTio - azimuth angle
Cosine if Sin Cos In Cosine of the current wanderWanderAngle Ra~io - azimuth angle

EastVelocity Velocities Out Current east velocity of the
missile

NorthVelocity Velocities Out Current north velocity of the
missile

3.3.2.3.10.15.4 LOCAL DATA
None.

- . ,tC-~.rt ~t. - -- - ~ -- ~- - - - - - - -
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3.3.2.3.10.15.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.15.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
procedure ComputeEarth RelativeHorizontal Velocities with Sin Cos In

(Nominal East Velocity : in - Velocities;-
Nominal-Nortli Velocity : in Velocities;
Sine ofWandeF Angle : in Sin Cos-Ratio;
Cosine of WanderAngle : in Sin Cos Ratio;
East Velocity : out Velocities;
NortliVelocity : out Velocities) is

begin

EastVelocity Nominal East Velocity * Cosine of Wander Angle -
Nominal-NorthVelocity * Sine of Wander Angle;

North Velocity := NominaI East Velocity * Sine-Of"Wander-Angle +
NominalNortli Velocity * Cosine of Wanaer Angle;

end "aomputeEarthRelativeHorizontalVelocities_withSinCosIn;

3.3.2.3.10.15.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.15.8 LIMITATIONS

None.

3.3.2.3.10.16 COMPUTE LATITUDE USING TWO VALUE ARCTANGENT UNIT DESIGN (CATALOG#P1104-0)

This function computes the current Latitude given some elements of the
Direction Cosine matrix.

The computations are performed as follows:

Lat := Arctan(DCPV / SqRT(DCPNE**2 + DCPNN**2)

(see formal parameters section for explanation of abbreviations)

3.3.2.3.10.16.1 REQUIREMENTS ALLOCATION

N/A
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3.3.2.3.10.16.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.16.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuth NavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

EarthPosition I floating I Data type used to define latitude and
I -I point type I longitude measurements
I Direction Cosine I floating I Data type used to define elements of a
I Matri:._Elements- point type I direction cosine matrix

Subprograms:

T1he following table describes the generic formal ,ubroutines required by this
part:

jName j Type I Description

Arctan2 I function 4-quadrant arctangenc function
Sqrt function I Square root function

FORMAL PARAMETERS:

The follouing table describes this part's formal parameters:

I Name Type Mode I Description

DC P V Direction Cosine In Sine of the current latitude of the
- - Matrix Elements- missile

DC P NE Direction Cosine In Product of the sine of the wander
- - MatrixElements- angle and the cosine of the

latitude
DC P NN Direction Cosine In Product of the cosine of the wander

- - MatrixElements- angle and the cosine the
latitude

-------------------- ---- --- --- ---- --- --- ---- --- --- ---- --- ---
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3.3.2.3.10.16.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description

Answer Earth Positions I Latitude being calculated
I Denominator I Direction Cosine I Temporary variable used to hold results

I MatrixElements- I of intermediate calculations

3.3.2.3.10.16.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.16.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute -Latitude Using_Two-Value Arctangent

(DC F V : Direction Cosine Matrix Elements;
DCP-NE : DirectionCosine-MatrixElements;
DC7P NN 4 Direction CosineHatrixElements)
return EarthPositios is

---- declaration of variables-

Answer : Earth Positions;
Denominator : Direction Cosine Matrix Elements;

--beginning of function-

begin

Denominator := Sqrt( DC P NE * DC PNE +
DC P NN * DCPNN)

Answer := Arctan2 (Y => DC_P V,
X => Denominator);

return Answer;

end ComputeLatitudeUsingTwoValueArctangent;

@

S5
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3.3.2.3.10.16.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.16.8 LIMITATIONS

None.

3.3.2.3.10.17 COMPUTE LONGITUDE USING TWO VALUE ARCTANGENT UNIT DESIGN (CATALOG
#P1I06-0)

This function computes the current longitude given some elements of the
direction cosine matrix.

3.3.2.3.10.17.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.3.10.17.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.17.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuthNavigationParts package specification:

Data types:

The following table describes the generic formal types required by this part:

SName I Type I Description

I EarthPosition I floating I Data type used to define latitude and
I point type I longitude measurements

I Direction Cosine I floating j Data type used to define elements of a
Matrix_Elements- point type j direction cosine matrix

Subprograms:

The following table describes the generic formal subroutines required by this
part:

lName I Type I Description

I Arctan2l function I 4-quadrant arctangent function
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FORMAL PARAMETERS:

The fllowing table describes this part's formal parameters:

I Name I Type I Mode I Description I
I DC R V I Direction Cosine I In I Product of the cosine of the current
I -- I Matrix Elements- I I latitude and the sine of the

SI - current longitude

DC G V I Direction Cosine I In I Product of the cosine of the current
Matrix Elements- I I latitude and the cosine of the

I I I I current longitude

3.3.2.3.10.17.4 LOCAL DATA

None.

3.3.2.3.10.17.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.17.6 PROCESSING Ai

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-Longitu~e usingTwoValueArctangent

(DC R V : Direction Cosine Matrix Elements;
DC7GV : Direction Cosine-Matrix-Elements)
return Earth Positions is

.... declaration section

Answer : Earth Positions;

--begin function

begin

return Arctan2 (Y => DC R V,
X => DCCV);

end ComputeLongitudeusingTwo Value Arctangent;

"&' i.i
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9
I 3.3.2.3.10.17.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.17.8 LIMITATIONS

None.

3.3.2.3.10.18 COMPUTE WANDER AZIMUTHANGLEUSINGTWOVALUEARCTANGENT UNIT DESIGN
(CATALOG #P1I09-0).

This function computes the current wander azimuth angle given some elements of
the Direction Cosine matrix.

The computations are performed as follows:

WA := Arctan(DCPNE / DCPNN)

(see formal parameters section for explanation of abbreviations)

3.3.2.3.10.18.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R028

3.3.2.3.10.18.2 LOCAL ENTITIES DESIGN

None.

3.3.2.3.10.18.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined for this part's
specification in the WanderAzimuth Navigation_Parts package specification:

* Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description
Direction Cosine I floating I Data type defining elements in a

-Matrix Elements- I point type direction cosine matrix I
I Wander_Angles I floating Data type defining wander angle I
I I point type I measurements

Subprograms:

YY; V
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The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I Arctan21 function I 4-quadrant Arctangent function

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode l Description

DC_P_NE I Direction Cosine I In I Product of the sine of the wander I
I I MatrixEiements- I I angle and the cosine of the I
I i - I I latitude I
I DC P NN j Direction Cosine I In I Product of the cosine of the wander I
I I MatrixElements- I I angle and the cosine of the I
* I I I I latitude

3.3.2.3.10.18.4 LOCAL DATA

Data objects: I
The following table describes the data objects maintained by this part:

I Name I Type I Description I

I Answer I Wander-Angles I Wander angle being calculated I

3.3.2.3.10.18.5 PROCESS CONTROL

Not applicable.

3.3.2.3.10.18.6 PROCESSING

The following describes the processing performed by this part:

separate (Wander Azimuth Navigation Parts)
function Compute-Wander Azimuth Angle using Two Value Arctangent

(DC P NE : Direction Cosine Matrix flemenTs;
DCP-NN : Direction-Cosine Matrix Elements)
return WanderAngles is - -

--- declaration section

--

..................................~~~~V V, VA~ **'*'4.4 .4 '.' ' ~ ~ J
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Answer : WanderAngles;

--begin function

begin

Answer := Arctan2 (Y => DCPNE,
X => DC_P_NN);

return Answer;

end ComputeWanderAzimuthAngleusingTwoValue Aretangent;

3.3.2.3.10.18.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.3.10.18.8 LIMITATIONS

None.

C 'I

I
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package body WanderAzimuthNavigation_Parts is

function Compute East Velocity
(Nominal East Velocity : Velocitie's;
Nominal-North Velocity : Velocities;
Current WanderAngle : WanderAngles)
return Velocities is separate;

function ComputeEast Velocity With Sin CosIn
(Nominal'East Velo-city Velocities;
SNoinl 1
NominalNortli Velocity : Velocities;
Sine of-Wander Angle Sin Cos Ratio;
Cosine Of Wander Angle Sin Cos Ratio)
return Velocities is separate;

function ComputeNorth Velocity
(Nominal East Velocity : Velocities;
Nominal-Nortl Velocity : Velocities;
Current Wander Angle : WanderAngles)return Velocities is separate;

function ComputeNorthVelocityWith Sin Cos In
(Nominal East Velocity : Velocities;
Nominal-Norti Velocity : Velocities;
Sine Of Wander Angle : Sin Cos Ratio;
Cosine Of Wander Angle : Sin-Cos-Ratio)

return Velocities-is separate-

procedure ComputeEarth Relative Horizontal Velocities
(Nominal East Velocity : in Velocities;
Nominal-Nortli Velocity : in Velocities;
Current WanderAngle : in Wander Angles;
East Velocity : out Velocifies;
Nort Velocity : out Velocities)
is separate;

procedure Compute Earth Relative Horizontal Velocities With Sin Cos In
(Nominal East Velocity : in - Velocities;-
Nominal North Velocity : in Velocities;
Sine Of-Wander Angle : in Sin Cos Ratio;
Cosine Of Wander_Angle : In Sin -Cos Ratio;
East Velocity : out Velocities;
NorthVelocity : out Velocities)
is separate;

function Compute TotalAngular Velocity
(RhoEast : AngulirVelocities;
Rho North : Angular Velocities)
return AngularVelocities is separate;

function Compute Coriolis Acceleration
(Velocity_In : VelocityVectors;
Rho In : Angular Velocity_Vectors;
Omega_In : AngularVelocityVectors)
return AccelerationVectors is separate;

package body CoriolisAccelerationFromTotalRates is separate;
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function Compute Curvatures
(Dc P V : Direction Cosine Matrix Elements;
Dc-P-Ne : Direction Cosine Matrix Elements;
Dc-P -Nn : Direction-Cosine-Matrix-Elements;

Current Altitude : Distances)return Inverse Distance Vectors is separate;

function Total Platform Rotation Rate
(RhoVector- : AnguIarVelocityVectors;
OmegaVector AngularVelocityVectors)
return AngularVelocity__Vectors is separate;

package body EarthRotationRate is separate;

function Compute Earth RelativeNavigationRotationRate
(MissileVelocity VelocityVectors;
Curvatures : Inverse_Distance Vectors)
return AngularVelocityVectors is separate;

function ComputeLatitude (Sin Latitude : Sin Cos Ratio)
return Earth Positions is separate;

function Compute Latitude Using Arctangent
(Dc P V : Difection CosineMatrix Elements;
Dc P Ne : Direction Cosine MatrixElements;
Dc-P-Nn : DirectionCosine Matrix-Elements)

returni Earth Positions is separate;

function Compute Latitude Using Two Value Arctangent
(Dc P V : Direction Cosine Matrix Elements;
Dc P Ne : DirectionCosineMatrix-Elements;
DcP-Nn : Direction-Cosine-Matrix-Elements)
return EarthPositions is separate;

function Compute Longitude
(DcR V : Direction Cosine Matrix Elements;
Dc G V : DirectionCosine Matrix-Elements)
return EarthPositions is separate;

function Compute Longitude Using Two Value Arctangent
(DK K V : DireCtion Cosine Matrix Elements;Dc G V : DirectionCosine Matrix Elements)return EarthPositions is separate;

function Compute Wander Azimuth Angle
(Dc P Ne : Direction Cosine Matrix Elements;
Dc-P-Nn : Direction CosineMatrixElements)
return WanderAngles-is separate;

function Compute Wander Azimuth Angle Using Two Value Arctangent
(Dc P Ne : 5irection Cosine Matrix Elements;
Dc-P-Nn : DirectionCosineMatrixElements)
return WanderAngles is separate;

end WanderAzimuth Navigation_Parts;

rI
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separate (WanderAzimuthNavigationParts)
function Compute East Velocity

(Nominal East Velocity : Velocities;
Nominal-North Velocity : Velocities;
Current-Wander_Angle : Wander-Angles) return Velocities is

--- declaration of variables-

Cos Of Angle : Sin Cos Ratio;
SinOfAngle : SinCosRatio;

-- begin function Compute-East Velocity

begin

SinCos(CurrentWanderAngle, SinOfAngle, CosOfAngle);

return ( Nominal East Velocity * Cos Of Angle -

Nominal-NortVelocity * Sii0!_Angle);

end ComputeEast_Velocity;

®I

L'I
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separate (Wander Azimuth NavigationParts)
function Compute-NorthVelocity

(Nominal East Velocity : Velocities;
Nominal NorthVelocity : Velocities;

Current-Wander.Angle : WanderAngles) return Velocities is

---- declaration of variables-

Cos Of Angle : Sin Cos Ratio;
Sin Of Angle : SinCosRatio;

-- begin function Compute NorihVelocity

begin

SinCos(CurrentWanderAngle, Sin Of Angle, CosOf Angle);

return ( NominalEast Velocity * Sin Of Angle +
NominalNorth _Velocity * Cos_0-Angle);

end ComputeNorthVelocity;

2I
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separate (Wander Azimuth Navigation Parts)
procedure Compute_Earth Relative Horizontal Velocities

(Nominal East Velocity : in Velocities;
Nominal North Velocity : in Velocities;
Current WanderAngle : in Wander Angles;
East Velocity : out VelociTies;
NorthVelocity : out Velocities) is

-- declaration of variables-

Cos Of Angle : Sin Cos Ratio;
SinOf-Angle : SinCos-Ratio;

-- begin procedure Compute Earth Relative Horizontal Velocities

begin

SinCos(CurrentWanderAngle, SinOfAngle, CosOfAngle);

East-Velocity := Nominal East Velocity * Cos Of Angle'-
Nominal-Nortli Velocity * Sin O fAigle;

NorthVelocity := Nominal East-Velocity * Sin-Of Angle +
NominalNortliVelocity * Cos OfAngle:

end ComputeEarthRelativeHorizontalVelocities;

@1
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separate (Wander AzimuthNavigation Parts)
function Compute TotalAngular Velocity

(Rho East : Angular Velocities;
RhoNorth : Angular-Velocities) return AngularVelocities is

begin

return Sqrt(RhoEast * Rho East + Rho North * Rho North);

end ComputeTotalAngularVelocity;

N SLl - _ _
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separate (WanderAzimuthNavigationParts)
function Compute -Coriolis-Acceleration

(Velocity_In : Velocity Vectors;
Rho In : Angular Velocity-Vectors;
OmegaIn : Angular VelocityVectors)
return Acceleration Vectors is

.. -- declaration of variables-

TempAV_V AngularVelocityVectors;

-- begin function Compute-CoholisAcceleraion

begin

TempA_ V Omega In + Omega In;
TempAVV := SparseRight_Z_Aad(Temp_AV_v, RhoIn);

return CrossProduct(Temp_A_VV, Velocity_In);

end ComputeCoriolis_Acceleration;

1°
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separate (Wander Azimuth Navigation Parts)
package body CoriolisAcceleration FromTotalRates is

.. declaration of variables-

E : constant Indice Indices'FIRST;
N : constant Indices := Indices'SUCC(E);
U : constant Indices Indices'LAST;

pragma PAGE;

---- unit body-

function Compute (VelocityIn : VelocityVectors;
Omega : Angular VelocityVectors;
TotalRates : AngularVelocityVectors)
return AccelerationVectors is

.-- declaration of variables-

Temp_.A_VV : Angular.Velocity_Vectors;

S--begin function Compute

begin

Temp_A_VV(E) := Omega(E) + TotalRates(E);
TempAV_V(N) := Omega(N) + TotalRates(N);
TempA_V_V(U) Omega(U) + Omega(U);

return Cross_Product(TempA_V_V, VelocityIn);

end Compute;

end CoriolisAccelerationFromTotalRates;

Al
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separate (Wander Azimuth _NavigationParts)

function Compute Curvatures
(Dc P V : Direction-Cosine Matrix Elements;
Dc-P-Ne : Direction-Cosine-Matrix-Elements;

Dc-P-Nn : Direction Cosine MatrixElements;
Current Altitude : Distances)

return InverseDistance Vectors is

-- -- declaration of variables-

Denominator : Real,
Distance Ratio : Real;
Partial Denominator : Real;
Curvatures : Inverse DistanceVectors;
TwoFlat_X_Dc_P_Nn : Real;

--beginning offunction-

begin

Distance Ratio := CurrentAltitude * OneOverEarthRadius;
PartialDenominator := 1.0 -

Distance RatioC. EarthFlattening_Coefficient *
(Dc_P_V * Dc_P_V);

Denominator := Partial Denominator +
Two FIat * (Dc P Ne * Dc P Ne);

Curvatures(Ne) := One_0verEarthRadius * Denominator;

TwoFlatX Dc P Nn := Two Flat * DcP Nn;
Denominator Partial Denominator +

Two Fiat X Dc P Nn * Dc P Nn;
Curvatures(Nn) One-OverEarthRadius * Denominator;

Denominator := Two Flat X Dc P Nn * Dc P Ne;
Curvatures(V) := One-OverEartl Radius *-Denominator;

return Curvatures;

end ComputeCurvatures;

I
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separate (Wander Azimuth Navigation Parts)
function Total Platform Rotation Rate

(Rho Vector : AngularVelocity Vectors;
Omega_Vector : Angular_VelocityVectors)

return AngularVelocity_Vectors is
begin

return SparseRight_ZAdd(Left => Omega Vector,
Right => RhoVector);

end TotalPlatformRotation Rate;

I

I,

ii I
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\&¢ separate (Wander Azimuth-NavigationParts)
package body Earh _Rotation Rate is

--..- local declarations

N- : constant Indices Indices'FIRST;
Nn : constant Indices Indices'SUCC(Ne);
V : constant Indices Indices'LAST;

~pragma PAGE;

-- - - - - - -

-- -- unit body-

function Compute (Dc P V : Direction Cosine Matrix Elements;
Dc-P-Ne : Direction Cosine-Matrix-Elements;
Dc-P Nn : DirectionCosineMatrix_-Elements)
return AngularVelocityVectors is

-- declaration of variables-

Rotation-Rate : Angular_VelocityVectors;

Sbeginning of fnction-

begin

Rotation Rate(Ne) := Dc P Ne * Earth Rate;
Rotation-Rate(Nn) := DcPNn * Earth Rate;
Rotation-Rate(V) := DcPV * EarthRate;

return RotationRate;

end Compute;

end EarthRotationRate;

4.1PsN
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separate (Wander Azimuth Navigation Parts)
function Compute Earth RelativeNavigation Rotation Rate

(Missile Velocity Velocity Vectors-;
Curvatures Inverse DistanceVectors)

return AngularVelocityVectors is

--.. declaration of variables-

Rho AngularVelocity_Vectors;

-- beginning offunction-

begin

Rho(Ne) := - Missile Velocity(Ne) * Curvatures(V) -

Missile Velocity(Nn) * Curvatures(Nn);
Rho(Nn) Missile Velocity(Ne) * Curvatures(Ne) +

Missile-Velocity(Nn) * Curvatures(V);
Rho(V) =0.0;

return Rho;

end ComputeEarth Relative Navigation Rotation Rate;

2-I
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separate (Wander .AzimuthNavigationParts)

function ComputeLatitude (SinLatitude : Sin Cos Ratio)

retunn EarthPositions is
begin

return Arcsin(Sin Latitude);
end ComputeLatitude;

AI
jI
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separate (Wander Azimuth NavigationParts)
function Compute Latitude UsingArctangent

(Dc f V : Direction Cosine Matrix Elements;
Dc-P-Ne : Direction Cosine Matrix-Elements;
Dc-P-Nn : DirectionCosine-Matrix-Elements)

return EarthPositions is

-- - - - - - - -- - - - - - -

-- -- declaration of variables-

Denominator : DirectionCosineMatrixElements;

-- beginning of function-

begin

Denominator := Sqrt( Dc P Ne * Dc P Ne +
Dc P Nn * DcP Nn );

return Arctan(DcPV / Denominator);

end ComputeLatitudeUsing_Arctangent;

'I
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'p.

separate (Wander Azimuth Navigation Parts)
function ComputeLongitude (Dc R V : Direction Cosine Matrix Elements;

Dc-G-V : Direction-Cosine-Matrix-Elements)
return Earth Positions is

begin

return Arctan(DcR_V / DcGV);

end ComputeLongitude;

.,1



CAMP Software Detailed Design Document Page 206

separate (Wander Azimuth NavigationParts)
function ComputeWander Azimuth Angle

(Dc P Ne :irection Cosine Matrix Elements;
Dc P Nn : DirectionCosine Matrix Elements)
return WanderAngles is

begin

return Arctan(Dc_PNe / Dc PNn);

end ComputeWander AzimuthAngle;

oI

I
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separate (Wander Azimuth Navigation Parts)
function ComputeEast VelocityWith-Sin Cos In

(Nominal East Velocity : Veloclties;

Nominal-North Velocity Velocities;
Sine _OfWander Angle : SinCosRatio;
CosineOfWanderAngle SinCosRatio) return Velocities is

--.. declaration of variables-

Answer : Velocities;

-- begin function Compute East Velocity

begin

Answer := NominalEast Velocity * Cosine Of WanderAngle
NominalNorthVelocity * Sine 0f WanderAngle;

return Answer;

end ComputeEast Velocity_WithSinCosIn;

C
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separate (Wander Azimuth NavigationParts)
function Compute-North Velocity With SinCosIn

(Nominal-East Velocity : Velocities;
Nominal North Velocity : Velocities;
Sine Of WandeT Angle : Sin Cos Ratio;
Cosine 5f WanderAngle : Sin-Cos Ratio) return Velocities is

.. -- declaration of variables-

Answer : Velocities;

-- begin function Compute North Velocity

begin

Answer := Nominal East Velocity * Sine Of Wander Angle +
Nominal North Velocity * Cosine Of Wander Angle;

return Answer;

end ComputeNorthVelocityWithSinCos In;

t04
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separate (WanderAzimuthNavigationParts)
procedure Compute Earth Relative HorizontalVelocities With Sin Cos In

(Nominal East Velocity : in Velocities;
Nominal North Velocity : in Velocities;
Sine Of-Wander Angle : in SinCosRatio;
Cosine Of WanderAngle : in Sin Cos Ratio;
East Velocity out Velocities;
NorthVelocity : out Velocities) is

begin

EastVelocity := NominalEast Velocity * Cosine Of WanderAngle -

Nominal North Velocity * Sine Of Vander Angle;
NorthVelocity := Nominal East Velocity * 3ine Of Wander Angle +

NominalNorthVelocity * CosineOf WanderAngle;

end ComputeEarthRelativeHorizontal VelocitiesWithSinCosIn;

rQ
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separate (Wander Azimuth Navigation Parts)
function Compute Latitude Using_TwoValue Arctangent

(Dc P V : Direction Cosine Matrix Elements;
Dc P Ne : Direction-Cosine-MatrixElements;
Dc-P-Nn : Direction-Cosine-Matrix-Elements)
return Earth kositions is -

-- -- declaration of variables-

Answer : Earth Positions;
Denominator : Direction Cosine Matrix Elements;

-- beginning of function-

begin

Denominator := Sqrt( Dc P Ne * Dc P Ne +
Dc-P-Nn * Dc-P-Nn );

Answer := Arctan2 (Y => Dc P V,
X => Denominator);

return Answer;

end ComputeLatitude UsingTwoValueArctangent;

*4
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separate (WanderAzimuthNavigation Parts)

function Compute Longitude Using_Two Value Arctangent
(Dc _ V : DireCtion Cosine _Matrix-Elements;
Dc-G-V : Direction -Cosine-Matrix-Elements)

return EarthPositions is

---

--.. declaration section

Answer : EarthPositions;

-- begin function

begin

return Arctan2 (Y => Dc R V,
X => Dc.GV);

end Compute_LongitudeUsing.TwoValueArctangent;

4-.

*1S,

2%NN , N



CAMP Software Detailed Design Document Page 212

separate (Wander Azimuth Navigation Parts)
function Compute-Wander AzimuthAngle_Using TwoValueArctangent

(Dc_P_Ne : Direction CosineMatrixElements;
DcF _Nn : Direction-CosineMatrix Elements)
return WanderAngles is

--.. declaration section

Answer : WanderAngles;

-- begin function

begin

Answer := Arctan2 (Y => Dc P Ne,
X => DcPNn);

return Answer;

end ComputeWanderAzimuthAngleUsingTwoValue Arctangent;

.1
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3.3.2.4 DIRECTION COSINE MATRIX OPERATIONS (PACKAGE BODY) TLCSC P644 (CATALOG
#P286-0)

This part is the body of an Ada package that contains units for all CAMP parts
that initialize or update a direction cosine matrix (DCM). A direction cosine
matrix is a 3x3 matrix whose elements are cosines of the angles between two
coordinate frames - xyz and XYZ. The direction cosines are used to transform
data values represented in one coordinate frame to another coordinate frame.

This part consists of two packages. The first package contains all parts which
operate on a "general" direction cosine matrix. A "general" DCM is a DCM that
does not assume particular coordinate frames, i.e. the Navigation to Earth.
However, these parts do assume a particular coordinate frame axes relationship
(for an example, see the preceding paragraph). The user should refer to the

documentation for each part to determine if the unit can be used for aparticular application.

The second package contains all operations that operate on a CNE matrix. The
CNE matrix is a direction cosine matrix that is used to transform objects from
the navigation frame to the earth frame. The navigation frame assumes "East,
North, and Up" (for XYZ), and the earth frame assumes "Greenwich, Right, and
Polar" (for xyz) for the axes definitions. These coordinate assumptions are
reflected in the generic objects of the package. This package exports a CNE
matrix type representing a CNE matrix derived from these coordinateassumptions.

"X The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this
part:

I Name I Requirements Allocation

I DCM General Operations I R34 I
I CNEOperations j R32 I

3.3.2.4.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.3 INPUT/OUTPUT

None.
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3.3.2.4.4 LOCAL DATA

None.

3.3.2.4.5 PROCESS CONTROL

Not applicable.

3.3.2.4.6 PROCESSING

The following describes the processing performed by this part:

package body DirectionCosine_MatrixOperations is

package body DCMGeneralOperations is separate;

package body CNEOperations is separate;

end DirectionCosineMatrixOperations;

3.3.2.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.8 LIMITATIONS

None.

3.3.2.4.9 LLCSC DESIGN

N "
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3.3.2.4.9.1 DCM GENERAL OPERATIONS PACKAGE DESIGN (CATALOG #P287-0)

This package contains procedures and functions which operate on a "general',
direction cosine matrix. A specific coordinate frame axis ordering has been
assumed for the parts; therefore, refer to the documentation for each part
before using it.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.1.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this
part:

I Name I Requirements Allocation

I DCM Initialized From Reference N/A
I Perlorm TrapezoidalIntegration of DCM I R34
Perform Rectangular Integration-ofDCM N/A
Reorthonormalize DCM N/A
Frame Misalignment N/A
AlignedDCHMatrix N/A
ComputeFirst Row From Orthonormal N/A

_DCMFrom Quaternion N/A

3.3.2.4.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.3 INPUT/OUTPUT

None.

3.3.2.4.9.1.4 LOCAL DATA

None.

3.3.2.4.9.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations)
package body DCMGeneral_Operations is

%N"
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function DCM Initialized From Reference
(Ref DCM 2 1- :-Sin Cos-Ratio;
Ref DCM-22 Sin Cos Ratio;
Ref DCM3-1 Sin Cos Ratio;
Ref DCM-32 : Sin Cos Ratio;
Sign-Of-2-3 : INTEGER;
Sign Of33 : INTEGER)

return DirectionCosine Matrix is separate;

package body DCMTrapezoidalIntegration is separate;

procedure Perform Rectangular Integration of DCM
(DC Matrix : in-out Direction Cosine Matrix;
X ho : in Angular Velocities;
Y-Rho : in Angular-Velocities;
Delta Time : in Time Intervals) is separate;

procedure Reorthonormalize DCM
(DCMMatrix : in out DirectionCosineMatrix) is separate;

function Frame Misalignment
(DM Matrix : Direction Cosine Matrix;
Ref DC Matrix : Direction CosineMatrix)

return RotationAngleVec is separate;

function Aligned DCM Matrix
(DCMMat-rix : Direction Cosine Matrix;
Rotation Angle : Rotation Angle Vec)
return DirectionCosineMatrix is separate;

procedure Compute First Row From Orthonormal
(DCkMatrix - : In out DirectionCosineMatrix) is separate;

function DCM From Quaternion
(Quaternion : Quaternion Vectors)
return Direptinn Cosine_ .triv 4a se2rte;

end DCMGeneral_Operations;

3.3.2.4.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.8 LIMITATIONS

None.

3.3.2.4.9.1.9 LLCSC DESIGN

4 r 
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7 3.3.2.4.9.1.9.1 DCMTRAPEZOIDALINTEGRATION PACKAGE DESIGN (CATALOG #P289-0)

This package contains a procedure that integrates a direction cosine matrix
using trapezoidal integration. NOTE: Only rows 2 and 3 are integrated by this
part. Row 1 is usually updated from rows 2 and 3 - the user must update row 1
manually.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.1.9.1.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this

part:

prName I Requirements Allocation

I PerformTrapezoidalIntegration ofDCM I R34 I

3.3.2.4.9.1.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the geneLic formal types required by this part:

A)

IqI
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I Name I Type I Description

Angular floating I This type translates into the type of the
Velocities point angular velocity used to integrate

I type the direction cosine matrix.

Time floating This type translates into the type of the
Intervals point time parameter used to integrate the

type direction cosine matrix.

Row Indices discrete Data type which translates into the
* type row indexing of the direction cosine matrix.

Col Indices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

I Sin Cos Ratiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types describedl

I Matrix above with elements of type Sin CosRatio.

Data objects:

The following table describes the generic formal objects required by this part:

V@
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I Name j Type I Value I Description

Ilnitiall Angular 1 0 1 Object used to set the initial angular
I XRhoJ Velocities or velocity X Rho to either 0 (by default) A

- - user- or to a user-specified value. Note that
I definedl this value is set at compile time. To seti

the value at run time, use the reinitial-
ize procedure.

lInitiall Angular 1 0 1 Object used to set the initial angular
_YRhol Velocitiesi or velocity Y Rho to either 0 (by default)

- --user- or to a user-specified value. Note that
I definedl this value is set at compile time. To seti

the value at run time, use the reinitial-
ize procedure.

Rowl Row Indices I 'FIRST I Object to be used as an index representing
- the first row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC I Object to be used as an index representing
I 'FIRST the second row of the direction cosine

matrix. This object indexes the direction
Icosines of the angles between the y-axis
I II and the XYZ axes.

Row3 Row Indices 'LAST I Object to be used as an index representing
- the third row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the z-axis

and the XYZ axes.

Coll Col Indices I 'FIRST I Object to be used as an index representing
- the first column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

Co12 Col Indices I SUCC I Object to be used as an index representing
I 'FIRST the second column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Y-axis
and the xyz axes.

Col3 Col Indices I 'LAST I Object to be used as an index representing
- the third column of the direction cosine

matrix. This object indexes the directionj
cosines of the angles between the Z-axis

and the xyz axes.

Subprograms:

A.NI"IN1 N,
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The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

" I function This function multiplies an object of type
Angular Velocities to an object of type Sin Cos Ratiol
returning an object of type AngularVelocities.-

" I function This function multiplies an object of type
Angular Velocities to an object of type
Time Infervals returning an object of type

II SinCosRatio.

3.3.2.4.9.1.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects created and used by this part:

Name I Type I Description

JPrev I Angular I This value is the previous X angular velocity used as
_X Velocitiesl the lower bound of the integration.U _._Rhol

IPrev I Angular I This value is the previous Y angular velocity used as
I _Y I Velocities the lower bound of the integration.

__Rho -

Exceptions:

3.3.2.4.9.1.9.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.DCMGeneral_Operations)
package body DCM_TrapezoidalIntegration is

Prev X Rho : Angular_Velocities := Initial X Rho;
Piev Y Rho : AngularVelocities := InitialYRho;

procedure Reinitialize AngularVelocities
(X Rho • in Angular Velocities;
Y_Rho : in AngularVelocities) is separate;

-Z it,.- .
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procedure Perform TrapezoidalIntegration ofDCM
(DC Matrix : in out Direction Cosine Matrix;
X Rho : in Angular Velocities;
Y-Rho : in Angular-Velocities;
Delta-Time : in TimeInTervals) is separate;

end DCMTrapezoidalIntegration;

3.3.2.4.9.1.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.9.1.8 LIMITATIONS

None.

3.3.2.4.9.1.9.1.9 LLCSC DESIGN

None.

3.3.2.4.9.1.9.1.10 UNIT DESIGN

3.3.2.4.9.1.9.1.10.1 REINITIALIZEANGULAR VELOCITIES UNIT DESIGN

This unit reinitalizes the angular velocities which are used as the previous
angular velocities in Trapezoidal Integration.

3.3.2.4.9.1.9.1.10.1.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.4.9.1.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.9.1.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part:

I Name I Type Description

I Angular I floating [ This type translates into the type of the
I _Velocities I point I angular velocity used to integrate

type I the direction cosine matrix.

-- - - - - - -- - - - - - -- - - - - - -- - - - - - -- - - - -_-- - - - - -
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FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Type [ Mode I Description

XRho Angular I In I This object is the X angular velocity that I
- Velocities will be used to reinitialize the previous

X angular velocity.

YRho Angular In This object is the Y angular velocity that
Velocities will be used to reinitialize the previousl

Y angular velocity.

3.3.2.4.9.1.9.1.10.1.4 LOCAL DATA

None.

3.3.2.4.9.1.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (DirectionCosineMatrix Operations.DCMGeneralOperations.
DCM Trapezoidal_Integration)

procedure Reinitialize Angular Velocities
(X Rho :i.n Angular Velocities;
Y(Rho : in Angular-Velocities) is

begin

Prev X Rho := X Rho;
Prev-Y-Rho := YRho;

end ReinitializeAngularVelocities;

3.3.2.4.9.1.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF EXTERNAL ELEMENTS:

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data objects:

3
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The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type Source I Description

Prey X Angular Direction I This object is the angular velocityl
_Rho Velocities -Cosine in the X direction that is used
- - -Matrix as the previous angular velocity

III Operations.1 for Trapezoidal integration.
I DCM General
I IOperations.!
I DCM
I Trapezoidall
I _Integration

Prey Y Angular Direction I This object is the angular velocity
_Rho Velocities -Cosine in the Y direction that is used
- - -Matrix as the previous angular velocity

IOperations.1 for Trapezoidal integration.
DCM General

I Operations.I
DCM
STrapezoidall

I. 1 _IntegrationI

3.3.2.4.9.1.9.1.10.1.8 LIMITATIONS

None.

3.3.2.4.9.1.9.1.10.2 PERFORM TRAPEZOIDAL INTEGRATION OF DCM UNIT DESIGN

This part integrates a direction cosine matrix using trapezoidal integration.
Only the 2nd and 3rd rows are integrated. The first row must be computed by
another function.

3.3.2.4.9.1.9.1.10.2.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.4.9.1.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.9.1.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

% Data types:

Z -1%W%
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The following table summarizes the generic formal types required by this part:

I Name I Type I Description

Angular floating This type translates into the type of the
Velocities point angular velocity used to integrate

type the direction cosine matrix.

Time floating This type translates into the type of the
Intervals point time parameter used to integrate the

type direction cosine matrix.

Row Indices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

Col Indices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

I Sin Cos Ratiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types described

-Matrix above with elements of type Sin Cos Ratio.

Data objects:

The following table summarizes the generic formal objects required by this
part:

II
%
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I Name I Type I Value I Description I

lInitiall Angular 1 0 1 Object used to set the initial angular
I _X_Rho _Velocities or velocity XRho to either 0 (by default)
-I user- or to a user-specified value. Note that

I defined this value is set at compile time. To setj
the value at run time, use the reinitial-
ize procedure.

lInitiall Angular 1 0 1 Object used to set the initial angular
I _YRhol Velocitiesl or velocity YRho to either 0 (by default)
-I user- or to a user-specified value. Note that

I defined this value is set at compile time. To seti
the value at run time, use the reinitial-
ize procedure.

Rowl Row Indices 'FIRST I Object to be used as an index representing
the first row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
I Icosines of the angles between the y-axis

and the XYZ axes.

Row3 Row Indices I 'LAST I Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

Coll Col Indices I 'FIRST I Object to be used as an index representing
the first column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

Co12 Col Indices I SUCC I Object to be used as an index representing
'FIRST the second column of the direction cosine

matrix. This object indexes the directionj

cosines of the angles between the Y-axis
and the xyz axes.

Co13 Col Indices I 'LAST I Object to be used as an index representing
the third column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

N , Subprograms:

Or

. % f~_ ~ - N. ~ ~.
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The following table summarizes the generic formal subroutines required by this
part:

Name I Type I Description

" I function This function multiplies an object of type
Angular Velocities to an object of type Sin Cos Ratiol
returning an object of type Angular Velocities.-

" I function This function multiplies an object of type
Angular Velocities to an object of type
Time InTervals returning an object of type
SinCosRatio. -

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Description

DCMatrix I This object is the direction cosine matrix to be integrated. I

XRho I This object is the new X angular velocity that is used as thel
I upper bound in the integration. I

Y_Rho j This object is the new Y angular velocity that is used as thel
upper bound in the integration.

DeltaTime I This object is the time increment since the last angular
- I velocity update.

3.3.2.4.9.1.9.1.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

-Oe- I V
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j Name I Type IValuel Description

Prev DCM I Direction I N.A.1 This object holds the incoming DCM
Cosine matrix for use in the integration. ,

-Matrix I

X Bound Sum I Angular I N.A.1 This object is the sum of the lower and
- Velocities upper bounds (angular velocity in X I

- direction) used in the integration.

Y Bound Sum I Angular I N.A.1 This object is the sum of the lower and
Velocities upper bounds (angular velocity in Y

direction) used in the integration. I

DelT div2 Time I N.A.1 This object is the time interval I
Intervals between the previous and current

angular velocities - divided by 2
(for use in the integration). I

3.3.2.4.9.1.9.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.9.1.10.2.6 PROCESSING

The following describes the processing performed by this part: I
separate (DirectionCosineMatrixOperations.DCHGeneralOperations.

DCM Trapezoidal Integration)
procedure Per~orm Trapezoldal_Integration of DCM

(DC Matrix : in out Direcfion Cosine Matrix;
X Rho : in Angular Velocities;
Y-Rho : in AngularVelocities;
DeltaTime : in Time-Intervals) is

-- --- <objects for internal calculations>---

Prev DCM : Direction Cosine Matrix;
X Bound Sum : Angular Velocities;
Y-Bound-Sum : Angular-Velocities;
Del_T_dlv_2 : TimeIntervals;

--begin procedure

begin

-------- <copy last two rows of DCM into previous DCM before computing> ----

PrevDCM(Row2,Coll) := DCMatrix(Row2,Coll);
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Prey DCM(Row2,Col2) DCMatrix(Row2,Col2);
PrevDCM(Row2,Col3) DCMatrix(Row2,Col3);

Prey DCM(Row3,Coll) := DCMatrix(Row3,Coll);
Prev-DCM(Row3,Col2) :=DCMatrix(Row3,Col2);
PreyDCM(Row3,Col3) :=DC_Matrix(Row3,Col3);

- - ---<compute sum of X and Y bounds from old and new angular velocity>---

X Bound Sum (XRho + Prey X Rho);
Y -Bound-Sum (Y Rho + Prevy _Rho);

A----------<compute delta time divided by 2 - for algorithm simplification>--

DelT-div_2 := DeltaTime * TimeIntervals(O.5);

---- ------- <compute new DCM>---

DCMatrix(row3,coll) := PreyDCM(row3,coll) -
(Y Bound Sum * PreyDCM(row3,col3)
*kDelT-div_2);

DCMatrix(row3,col2) :=PreyDCM(rov3,col2) +
(X Bound Sum * Prev DCH(row3,col3)
* Del_Tdiv_2);

DC_Matrix(row3,col3) :=PreyDCM(rov3,col3) + ta
Y Yound_ Sum * PreyDOM(row3,coll)-
X Bound Sum * PreyDCM(rov3,col2))

*DelTdv2;

DCMatrix(row2,coll) :=PreyDCH(rov2,coll) +
X Bound Sum * PreyDCM(row2,col3)
*-DelT-div_2);

* DCMatrix(row2,col2) :=Prey DCM(row2,col2) +
Y X"found Sum * PreyDCM(row2,col3)

X Bound Sum * Prev-hCM(row2,col2))
* elT-dlv_2;

PreyXRho :=X Rho;
PreyYRho =Y-Rho;

end Perform TrapezoidalIntegration-ofDCM;

3.3.2.4.9.1.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:
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Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Source I Description I

Prey X Angular Direction I This object is the angular velocityl

_Rho Velocities Cosine in the X direction that is used

- - -Matrix as the previous angular velocity
I Operations.1 for Trapezoidal integration.
I CM General I
I _Operations.I
I DCM

ITrapezoidal
_Integration

Prey Y Angular Direction I This object is the angular velocityl

_Rho Velocities -Cosine in the Y direction that is used
- - -Matrix as the previous angular velocity

I perations.1 for Trapezoidal integration.
I IDCM General I

_Operations.
DCM

Trapezoidall
I _IntegrationI

3.3.2.4.9.1.9.1.10.2.8 LIMITATIONS

None.

3.3.2.4.9.1.10 UNIT DESIGN

3.3.2.4.9.1.10.1 DCM INITIALIZED FROM REFERENCE UNIT DESIGN (CATALOG #P288-0)

This function initializes a direction cosine matrix to a reference direction
cosine matrix. This part uses the orthonormal properties of the DCX to compute
all nine elements of the matrix from four elements of the reference DCM plus
the signs from two other reference DCM elements.

This implementation assumes that these four elements are (y,X), (y,Y), (z,X),
(z,Y), where xyz and .YZ are the two coordinate frames. The signs are computed
from elements (y,Z) and (z,Z).

3.3.2.4.9.1.10.1.1 REQUIREMENTS ALLOCATION

N/A

0.-0W.

Z
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3.3.2.4.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following table describes the generic formal types required by this part:

Name I Type I Description

Row Indices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

Col Indices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

I Sin Cos Ratiol floating I Type which translates into the type of the
I I point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types describedl
-Matrix above with elements of type SinCosRatio. I

Data objects:

Th. ll...ng tabl..escr ibes the geric formal objects reqLired by this part:

NI
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I Name I Type I Value I Description I

Rowl Row Indices I 'FIRST I Object to be used as an index representing
the first row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis
and the XYZ axes.

Row3 Row Indices I 'LAST I Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the directionl
cosines of the angles between the z-axis
and the XYZ axes.

Coll Col Indices I 'FIRST I Object to be used as an index representing
I Ithe first column of the direction cosine

, I matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

I Co12 Col_Indices I SUCC Object to be used as an index representing
'FIRST the second column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Y-axis
and the xyz axes.

Col3 ColIndices 'LAST Object to be used as an index representing
the third column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

Subprograms:

The following table describes the generic formal subroutines required by this
part:

j Name I Type I Description

I SORT ] function I This function computes the square root of a value of thel
I I I type SinCosRatio.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

% %
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I Name I Type I Mode I Description

REF DCM 2 1 Sin Cos Ratio In This value is the reference direction
. .. . .cosine element located at row 2,

column 1. It represents the
direction cosine of the angle
between the y-axis and the X-axis.

REF DCM 2 2 Sin Cos Ratio In This value is the reference direction
cosine element located at row 2,
column 2. It represents the
direction cosine of the angle
between the y-axis and the Y-axis.

REF DCM 3 1 Sin Cos Ratio In This value is the reference direction
top cosine element located at row 3,

column 1. It represents the
direction cosine of the angle
between the z-axis and the X-axis.

REF DCM 3 2 Sin Cos Ratio In This value is the reference direction
cosine element located at row 3,

column 2. It represents the
direction cosine of the angle
between the z-axis and the Y-axis.

SignOf 2 3 INTEGER In This Value represents the sign of the I
reference direction cosine element
located at row 2, column 3. This
value is the sign of the direction
cosine of the angle between the
y-axis and the Z-axis. The value
must equal either -1 or 1, which
represents minus or plus,
respectively.

SignOf_3_3 INTEGER In This value represents the sign of the
reference direction cosine element
located at row 3, column 3. This
value is the sign of the direction
cosine of the angle between the
z-axis and the Z-axis. The value
must equal either -1 or 1, which
represents minus or plus,
respectively.

3.3.2.4.9.1.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

J:~v %

S.
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I Name I Type JValue I Description

DCM Matrix Direction I N.A. I This object is a 3X^ matrix representing
I Cosine I I the direction consine matrix that is

_Matrix I I computed from the reference DCM which
I I I I is passed in.

3.3.2.4.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine Matrix Operations.DCMGeneralOperations)
function DCM Initialized From Reference

(REF DCM 2 i : Sin Cos Ratio;
REF DCM-2-2 : Sin-Cos Ratio;
REFDC3-1 : Sin-Cos-Ratio;
REF-DCM-3-2 : Sin-Cos Ratio;
Sig 0ff23 : INTEGERT
Sign Of 3-3 : INTEGER)

return DrectionCosineMatrix is

-- <direction cosine matrix to be computed>---

DCM Matrix : Direction Cosine Matrix;

begin

.. -<compute new DCM>---

if SignOf_2 3 = I then

DCM_Matrix(Row2,Col3) := SORT (1.0 - ( REF DCM 2 1 *
REF-DCM-2-1

+
REF DCM 2 JREF-DCM-2-2

else

DCM_Matrix(Row2,Col3) := - SORT (1.0 - C REF DCM 2 1 *
REFDCM-2-1

+

REF.DCM 2 2*
REF-DCM-2-2

, end if;

if SignOf3_3 =1 then

r~, V
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DCM Matrix(Row3,Col3) SORT (1.0 -( REF-DCM-3-1 *
REF-DCM3-1

REFDCM32 *
REFDCM_3-2 )

else
DCM Matrix(Row3,Col3) -SORT (1.0- REF -DCM -3 1*

REFDCM3-1

+REF DCM. 32*

REFDCM3-2

end if;

DCM Matrix(Rowl,Coll) := REF DOM 2 2*
DCkMMatfix(Row3,Col3)

DCM Matrix(Row2,Col3)*
REF DCM_3_2;

DCMMatrix(Rowl,Col2) := DCM Matrix(Row2,Col3)*
REFDCM_3_1

REF DCM 21*
DCkfMatFilx(Rov3 ,Col3);

DCMMatrix(Rovl,Col3) := REFDCM_2 1*
REFDC_3-2

REF DCM 2 2*
REFDCM31;

DCH Matrix(Row2,Coll) :=REF DCM 2 1;
DCM Matrix(Row2, Col2) :=REF-hCMf22;
DCM Matrix(Row3, Coil) :=REFDCM-3-1;
DCMMatrix(Row3 ,Col2) :=REFDCM32;

return DCMMatrix;

end DCMInitializedFromReference;

3.3.2.4.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.10.1.8 LIMITATIONS]

None.
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3.3.2.4.9.1.10.2 PERFORMRECTANGULARINTEGRATIONOFDCM UNIT DESIGN (CATALOG #P290-0)

This procedure integrates a direction cosine matrix using rectangular
integration. Only rows 2 and 3 are updated. Row 1 must be updated by another
function (using the orthonormal property).

3.3.2.4.9.1.10.2.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.4.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

Angular floating This type translates into the type of the
Velocities point angular velocity used to integrate

type the direction cosine matrix.

Time floating This type translates Into the type of the
Intervals point time parameter used to integrate the

type direction cosine matrix.

Row Indices discrete Data type which translates into the
m type row indexing of the direction cosine matrix.

Col Indices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

Sin Cos Ratiol floating I Type which translates into the type of the
- m point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types describedi

-Matrix above with elements of type SinCosRatio. I

Data objects:

The following table describes the generic formal objects required by this part:

.0
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I Name I Type I Value I Description

Rowl Row Indices I 'FIRST I Object to be used as an index representing
the first row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices SUCC Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis

I and the XYZ axes.

Row3 Row Indices 'LAST Object to be used as an index representing
the third row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

Coil Col Indices I 'FIRST I Object to be used as an index representing
the first column of the direction cosine
matrix. This object indexes the directioni
cosines of the angles between the X-axis
and the xyz axes.

Co12 ColIndices SUCC Object to be used as an index representing
'FIRST the second column of the direction cosine

matrix. This object indexes the directioni
cosines of the angles between the Y-axis
and the xyz axes.

Co13 Col Indices 'LAST Object to be used as an index representing
the third column of the direction cosine
matrix. This object indexes the directioni
cosines of the angles between the Z-axis
and the xyz axes.

Subprograms:

The following table describes the generic formal subroutines required by thispart:

SName I Type IDescription

function I This function multiplies an object of type Angular_ N
Velocities to an object of type Time Intervals

4I FORMALreturning an object of type SinCos_Ratio. I
FORMAL PARAMETERS:

A!
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~ The following table describes this part's formal parameters:

I Name I Type IMode I Description I

I DC latrix I Direction in This is the direction cosine matrix being I
I I Cosine out I integrated.

I Matrix I I

jX Rho IAngular in This value represents the angular velocityintewocrdaefamsxzndXZ
I Velocities' of the x-axis with respect to the X-axisI I I I I

Y Rho I Angular I in This value represents the angular velocity I
I Velocities! I of the y-axis with respect to the Y-axis I

I I in the two coordinate frames xyz and XYZ. III I II

DeltaTime Time in This value is the time interval over which

I I Intervalsl I the integration is to be performed.

3.3.2.4.9.1.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type IValuel Description

I DCM Incr IDirection I N.A.1 This object is a direction cosine matrix that I
_Cosine I is used as temporary storage for computed I

I Matrix I I increments.- II
Y Rho I Sin Cos IY Rhol This object holds the angular velocity YRho

I -Time, I Ratio -* I times the time increment. I
I Delta I IDeltal
ITime I I TYimelI I

I I I I I
X Rho Sin Cos IX Rhol This object holds the angular velocity XRho I

I Times I Ratio I times the time increment. I
1 -Delta I IDeltal
I Time I I_Timel

3.3.2.4.9.1.10.2.5 PROCESS CONTROL

Not applicable.

V q

IkI
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3.3.2.4.9.1.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction -Cosine Matrix -Operations.DCM General_Operations)
procedure Perform -Rectangular_Integration of DCM

V(DC Matrix : in out Direction Cosine_-Matrix;

Det Time : in TieAngua Vls)tis
YRho : in AngularVelocities;
YeltRho m : in Aingua s Veoiis;

---declaration section

---------<DCM for computing increments (temporary) >---

DCMIncr :DirectionCosine Matrix;

----< objects for internal calculation >---

4 YRho Times Delta Time : Sin Cos Ratio Y= YRho * Delta Time;
XhoTimeseltaTime : Sin-Cos Ratio := XRho * Delta-Time;--------------

--begin procedure

* begin

---<compute increments for bottom two rows>--

2DCM Incr(Row2,Coll) :~-DCIMatrix(Row2,Col3) * Y Rho Times DeltaTime;
DCM -Incr(Row2,Col2) DC DCMatrix(Row2,Col3) * X -Fho_Times_Delta Time;
DCMIncr(Row2,Col3) :=DCMatrix(Row2,Coll) * Y Rho Times Delta Time-

DC_-Matrix(Row2,Col2) * X Rho-Times - elta -Time;
DCM -Incr(Row3,Coll) :=-DC_-Matrix(Row3,Col3) * YfRho Times Delta Time;

__M __rRo3Co2 DC __rx(o3,o3 *__h TmsDlt-

DCM-Incr(Row3,Col2) :=DCMatrix(Row3,Col3) * X Rho -Times Delta Time;
DCMatrix(Row3,Col2) * XRho_-TimesDelta-Time;

---<compute current values of bottom two Rows>--

DCMatrix(Row2,Coll) :=DCMatrix(Row2,Coll) + DCM Incr(Row2,Coll);
DC Matrix(Row2,Col2) :=DCMatrix(Row2,Col2) + DCM lncr(Row2,Col2);
DCMatrix(Row2,Col3) :~DCMatrix(Row2,Col3) + DCM Incr(Row2,Col3);

DCMatr.'x(Row3,Coll) :=DCMatrix(Row3,Coll) + DCM Incr(Row3,Coll);
DC Matrix(Rov3,Col2) :=DC -Matrix(Row3,Col2) + DCM Incr(Row3,Col2);

DCMatrix(Row3,Col3) DCMatrix(Row3,Col3) +DCM-Incr(Row3,Col3);

K end Perform Rectangular_Integration ofDCM;
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3.3.2.4.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.10.2.8 LIMITATIONS

None.

3.3.2.4.9.1.10.3 REORTHONORMALIZEDCM UNIT DESIGN (CATALOG #P291-0)

This procedure reorthonormalizes (when executed repeatedly) the bottom two rows
of the direction cosine matrix. These two rows represent the y and z axes in a
direction cosine matrix that transforms data from coordinate frame xyz to frame
XYZ. Note that the first row is not updated.

This procedure will not reorthonormalize the DCM after only one iteration. It
must be executed repeatedly at a rate based on the precision of the data, the
update frequency of the DCM, and other considerations. For example, in a

typical application, this function is executed once per minute.

3.3.2.4.9.1.10.3.1 REQUIREMENTS ALLOCATION

NIA

3.3.2.4.9.1.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

S

a
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I Name I Type I Description I

Row Indices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

ColIndices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

I Sin Cos Ratiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
-Cosine matrix indexed by the column and row types described
_Matrix above with elements of type Sin Cos Ratio.

Data objects:

The following table describes the generic formal objects required by this part:

I

'161
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I Name I Type I Value I Description

Rowl Row Indices I 'FIRST I Object to be used as an index representing
- the first row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis
and the XYZ axes.

Row3 Row Indices I 'LAST I Object to be used as an index representing
- I the third row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

Coll Col Indices 'FIRST I Object to be used as an index representing
- the first column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

_ Co12 Col Indices I SUCC I Object to be used as an index representing
'FIRST the second column of the direction cosine

I Imatrix. This object indexes the directionl
cosines of the angles between the Y-axis
and the xyz axes.

Col3 Col Indices I 'LAST I Object to be used as an index representing
- Ithe third column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Type I Mode I Description

I DCM Matrix Direction I in ] This parameter is the direction cosine
nI - I Cosine I I matrix to be reorthonormalized. I

I Matrix I

Vk % Y
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3.3.2.4.9.1.10.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I

Row2 Dot Row2 Real I This object is used to store the dot product
I of row 2 and row 2 of the DCM.

Row3_DotRow3 I Real I This object is used to store the dot product
I I of row 3 and row 3 of the DCM.

Row2_dot Row3 I Real This object is used to store the dot
Row2_Do7_Row3 I product of row 2 and row 3 of the DCM.

Half Sin Cos I This object is used to store half the dot
Row2_Dot_Row3 I Ratio product of row 2 and row 3 of the DCM.

3.3.2.4.9.1.10.3.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.10.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.DCHGeneral Operations)
procedure ReorthonormalizeDCM

(DCM Matrix : in out Direction CosineMatrix) is

--declaration section

.....<objects for storing dot products>---

Row2 Dot Row2 : Real;
Row3 Dot-Row3 : Real;
Row2-Dot Row3 : Real;
HalfRow2_Dot_Row3 : SinCosRatio;

--begin procedure

begin

Row2_DotRow2 := DCM Matrix(Row2,Coll) * DCMMatrix(Row2,Coll) +
DCM-Matrix(Row2,Col2) * DCMMatrix(Row2,Col2) +
DCM Matrix(Row2,Col3) * DCMMatrix(Row2,Col3);

Row3_DotRow3 := DCM Matrix(Row3,Coll) * DCMMatrix(Row3,Coll) +
DCM-Matrix(Row3,Col2) * DCMMatrix(Row3,Col2) +
DCMMatrix(Row3,Col3) * DCMMatrix(Row3,Col3);

! %"I * I / ! • II IIi
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--I - - - - - - - - - - - - - -

---calculate column values

DCMMatrix(Row2,Coll) DCM Matrix(Row2,Coll)*
(1.5 -Real(0.5) *Row2_DotRow2);

DCXMatrix(Row3,Coll) DCM Matrix(Row3,Coll)*
(1.5 - Real(0.5) *Row3_Dot_Row3);

DCX Matrix(Row2,Col2) :=DCX Xatrix(Row2,Co'L2)*
(1.3 -Real(0.5) * Row2_Dot_Row2);

DCXMatrix(Row3,Col2) :=DCX Matrix(Row3,Col2)*
(1.3 - Real(0.5) * Row3_Dot_Rov3);

DCM_Matrix(Row2,Col3) DCM Matrix(Row2,Col3)*
(1.3 - Real(0.5) * Row2_Dot_Row2);

DCM Matrix(Row3,Col3) :=DCM Matrix(Row3,Col3)*
(1.3 - Real(0.5) *Row3_Dot_Row3);

---<compute Rows 2 thr, 3>

Rov2_Dot_Row3 := DCX Matrix(Row2,Coll) * DCX Matrix(Row3,Coll) +
DCkFMatrix(Row2,Col2) * DCkfMatrix(Row3,Col2) +
DClfMatrix(Row2,Col3) * DCX Xatrix(Row3qCol3);

A Half_Row2_dot_Row3 := 0.5 * Row2_dot Row3;

DCXXatrix(Row2,Coll) :=DCX Xatrix(Row2,Coll) -

(HalfRow2_DotRow3 * DCX_Matrix(Row3,Coll));

DCX Matrix(Rov3,Coll) :=DCX Xatrix(Row3,Coll) -

(Half_Row2_Dot_Row3 * DCXXatrix(Row2,Coll));

DCXXatrix(Row2,Col2) :=DCX Matrix(Row2,Col2) -

(Half_Row2_Dot_Row3 * DCXXatrix(Row3,Col2));

DCXXatrix(Row3,Col2) :=DCX Xatrix(Rov3,Col2) -

(Half_Row2_Dot_Row3 * DCXMatrix(Row2,Col2));

DCXXatrix(Row2,Col3) :=DCX Xatrix(Row2,Col3) -

d(Half_Row2_Dot_Row3 * DCXXatrix(Row3,Col3));

DCX Xatrix(Row3,Col3) :=DCX Xatrix(Row3,Col3) -

(Half_Row2_Dot_Row3 *DCX Xatrix(Row2,Col3));

end Reorthonornialize DCX;
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3.3.2.4.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS "

None.

3.3.2.4.9.1.10.3.8 LIMITATIONS

None.

3.3.2.4.9.1.10.4 FRAME MISALIGNMENT UNIT DESIGN (CATALOG #P292-0)

This unit computes the rotation of the computed XYZ frame with respect to a
reference XYZ frame given the direction cosine matrix of the computed XYZ frame
and the direction cosine matrix of the reference XYZ frame. Each rotation
angle provided by this part is approximated as the sine of the rotation angle.

3.3.2.4.9.1.10.4.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.4.9.1.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

'A .. % %
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I Name I Type I Description

Row Indices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

Col Indices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

Sin Cos Ratiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types describedl
-Matrix above with elements of type Sin Cos Ratio.

Rotation discrete Data type which translates into the
Indices type indexing elements of a rotation angle vector.

Rotation floating Type which translates into the type of the
Angles point elements of a rotation angle vector.

Rotation I 1X3 matrixJ Type representing a rotation angle vector.

_Angle (vector)
Vec

Data objects:

The following table describes the generic formal objects required by this part:

@%
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I Name I Type I Value I Description I

Rowl Row Indices I 'FIRST Object to be used as an index representing
the first row of the direction cosine
matrix. This object indexes the directioni
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis

Iand the XYZ axes.

Row3 Row Indices 'LAST Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

Coll Col Indices I 'FIRST I Object to be used as an index representing
- the first column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

Co12 Col Indices I SUCC I Object to be used as an index representing

'FIRST the second column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the Y-axis
and the xyz axes.

Co13 Col Indices I'LAST IObject to be used as an index representing
the third column of the direction cosine

matrix. This object indexes the direction!
cosines of the angles between the Z-axis
and the xyz axes.

X Rotation 'FIRST Object to be used as an index representing
Indices the first element of the rotation angle

S II vector.

Y Rotation SUCC I Object to be used as an index representing
I Indices I 'FIRST! the second element of the rotation angle

I I I vector.
II I I

ThZ Rotation 'LAST Object to be used as an index representing
I I Indices the third element of the rotation angle

I I vector.

Subprograms:

The following table describes the generic formal subroutines required by this
part:

N N
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I Name I Type I Description

I " I function I This function multiplies an object of type
I I I Sin Cos Ratio to an object of type Sin Cos Ratio I
I I I returning an object of type RotationAngles.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode Description

DCMMatrix [ Direction In This parameter is the current active
I Cosine direction cosine matrix.
I -Matrix

I -
REF DC i Direction In This parameter is the reference direction

Matrix I Cosine cosine matrix. The misalignment anglesj
-Matrix are computed by determining the

I Iangular differences between this DCM
SI l and the active DCM.

3.3.2.4.9.1.10.4.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type Ivalue I Description

I RotAngle IRotationl N.A. I This object is the rotation angle vector
I I _Angle [ I that is returned by the function.
I l..._Vec I

3.3.2.4.9.1.10.4.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.1.10.4.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.DCMGeneral Operations)
function Frame MisaIignment

TDCM Matrix : Direction Cosine Matrix;
REF DC Matrix : DirectionCosineMatrix)
return RotationAngleVec is

gZ
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---- declaration section

. .---.<the rotation angle vector that is returned>---

RotAngle : RotationAngle Vec;

--begin function

begin

RotAngle(X) := DCM Matrix(Rowl,Col2) * REF DC Matrix(Rowl,Col3) +
DCM-Matrix(Row2,Col2) * REF DC7Matrix(Row2,Col3) +
DCMMatrix(Row3,Col2) * REFDC7Matrix(Row3,Col3);

RotAngle(Y) := DCM Matrix(Rowl,Col3) * REF DC Matrix(Rowl,Coll) +
DCMMatrix(Row2,Col3) * REFDC Matrix(Row2,Coll) +
DCMMatrix(Row3,Col3) * REFDC Matrix(Row3,Coll);

RotAngle(Z) := DCM Matrix(Rowl,Coll) * REF DC Matrix(Rowl,Col2) +
DCMHatrix(Row2,Coll) * REF DC Matrix(Row2,Col2) +
DCM_Matrix(Row3,Coll) * REF_DCMatrix(Row3,Col2);

return RotAngle;

end FrameMisalignment;

3.3.2.4.9.1.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.10.4.8 LIMITATIONS

None.

3.3.2.4.9.1.10.5 ALIGNEDDCMMATRIX UNIT DESIGN (CATALOG #P293-0)

This part modifies the bottom two rows (y and z) of the direction cosine matrix
so that the current coordinate frame is aligned to a true coordinate frame.
This part assumes a coordinate frame representation of xyz to XYZ, where xyz is
the coordinate frame noted as "true". NOTE: Only rows 2 and 3 are aligned.

Row 1 must be computed separately.

3.3.2.4.9.1.10.5.1 REQUIREMENTS ALLOCATION

NIA

V .4a
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3.3.2.4.9.1.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Row Indices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

ColIndices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

Sin Cos Ratiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types described

-Matrix above with elements of type SinCosRatio.

Rotation discrete Data type which translates into the

_,Indices type indexing elements of a rotation angle vector.

Rotation floating Type which translates into the type of the

_,Angles point elements of a rotation angle vector.

Rotation I 1X3 matrixi Type representing a rotation angle vector.

_.Angle (vector)
Vec

Data objects:

The following table describes the generic formal objects required by this part:

W) *
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--------------------------------------------------------------------------------
I Name I Type I Value I Description I
-------------------------------------------------------------------------------

Rowl Row Indices 'FIRST Object to be used as an index representingI
,I the first row of the direction cosine

matrix. This object indexes the directionl
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices SUCCI Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis
and the XYZ axes.

Roy3 Row Indices 'LAST 1 Object to be used as an index representing I
- Ithe third row of the direction cosine*

matrix. This object indexes the directioni
cosines of the angles between the z-axis
and the XYZ axes.

Coll Col Indices I 'FIRST I Object to be used as an index representing
the first column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

Col2 Col Indices I SUCC I Object to be used as an index representing
- I 'FIRST the second column of the direction cosine

matrix. This object indexes the directioni
cosines of the angles between the Y-axis
and the xyz axes.

Col3 Col Indices I 'LAST Object to be used as an index representing
- the third column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

X Rotation I 'FIRST I Object to be used as an index representing
Indices the first element of the rotation angle

vector.

Y Rotation I SUCC I Object to be used as an index representing
I Indices I 'FIRSTI the second element of the rotation angle

I I I vector.

II II
I Rotation I 'LAST I Object to be used as an index representing

-Indices the third element of the rotation angle
vector.

--------------------------------------------------------------------------------

Subprograms:

The following table describes the generic formal subroutines required by this

part:

% %
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I Name I Type I Description 1

I "*" function I This function multiplies an object of type I
i I Sin Cos Ratio to an object of type RotationAngles j
l I I returning an object of type Sin Cos Ratio. I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

DCMMatrix I Direction [ In I This parameter is the current active
I I Cosine direction cosine matrix.t I -M t i II
I I -. III I I I
Rotation i Rotation I In This parameter represents the rotation

I _Angle I _Angle I I angles used to align the DCM matrix.
I I vec I II

3.3.2.4.9.1.10.5.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type IValuel Description

I DCM New IDirectionlN.A. I This object is the direction cosine matrix I
I I _Cosine I I that is computed and returned. II I Matrix I I I

3.3.2.4/9i.1.!0o55 nPROqS CONTROL

Not apDlicable.

3.3.2.4.9.1.10.5.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.DCMGeneral_Operations)
function Aligned DCM Matrix

(DCM Matrix : Direction Cosine Matrix;
Rotation Angle : Rotation_Angle_Vec)
return DirectionCosineMatrix is

.. --declaration section

00 N
% .
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----<computed DCM to be returned>---

DCMNew :Direction Cosine Matrix;

--begin function

begin

DCMNew(Row2,Coll) :=DCM Matrix(Row2,Coll) + DCMMatrix(Row2,Col3) *
RotationAngle(Y);

DCMNew(Row2,Col2) :~DCM Matrix(Rov2,Col2) - DCM Matrix(Row2,Col3) *
RotationAngle(X);

DCMNew(Row2,Col3) :=DCM Matrix(Row2,Col3) - DCMMatrix(Row2,Coll) *

Rotation Angle(Y) +

DCMMatrix(Row2,Col2) * Rotation Angle(X);

DCMNew(Row3,Colli) DCM Matrix(Row3,Coll) + DCMMatrix(Row3,Col3) *

RotationAngle(Y);

DCMNew(Row3,Col2) :=DCM Matrix(Rov3,Col2) - DCM_Matrix(Rov3,Col3) *
RotationAngle(X);

DCMNew(Rov3,Col3) :=DCM Xatrix(Row3,Col3) - DCMMatrix(Row3,Coll) *
Rotation Angle(Y) +
DCM Matrlx(Row3,Col2) * RotationAngle(X);

---------<set first row equal to original matrix>--
---------<NOTE: The first row is now INVALID data>--

DCM New(Rowl,Coll) DCM Matrix(Rovl,Coll);
DCMNew(Rowl ,Col2) :=DCM Matrix(Rowl ,Col2);
DCvNew(Rowl,Col3) :=DCM Miatrix(Rowi,C03);

return DOMNew;

4 end AlignedDCXMatrix;

3.3.2.4.9.1.10.5.7 UTILIZATION OF OTHER ELEMENTS

Noe

A 3.3.2.4.9.1.10.5.8 LIMITATIONS

None.I

* N2
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3.3.2.4.9.1.10.6 COMPUTE FIRST ROW FROM ORTHONORMAL UNIT DESIGN (CATALOG #P294-0)

This part computes the first row of the direction cosine matrix from the second
and third rows of the same matrix using the orthonormal property.

In many applications, the second and third rows are updated at a higher rate
than the first row. Because of this, this function has been designed as a
separate part.

3.3.2.4.9.1.10.6.1 REQUIREMENTS ALLOCATION

N/A
M

3.3.2.4.9.1.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.1.10.6.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

a The following table describes the generic formal types required by this part:

Name I Type I Description I

RowIndices discrete Data type which translates into the
type row indexing of the direction cosine matrix.

ColIndices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

I SinCosRatiol floating I Type which translates into the type of the
point elements of the direction cosine matrix.

Direction 3X3 Type representing a direction cosine matrix
Cosine matrix indexed by the column and row types describedl
-_Matrix above with elements of type SinCosRatio.

Data objects:

The following table describes the generic formal objects required by this part:

V
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I Name I Type I Value I Description I

Rowl Row Indices I 'FIRST Object to be used as an index representing I
,,I I - the first row of the direction cosine I

matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC Object to be used as an index representing
- 'FIRST the second row of the direction cosine

matrix. This object indexes the directionj
cosines of the angles between the y-axis
and the XYZ axes.

Row3 Row Indices I 'LAST I Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the direction

I II cosines of the angles between the z-axis
and the XYZ axes.

Coil Col Indices I 'FIRST I Object to be used as an index representing
the first column of the direction cosine
matrix. This object indexes the directionl
cosines of the angles between the X-axis
and the xyz axes.

Co12 Col Indices I SUCC I Object to be used as an index representing
'FIRST the second column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Y-axis
and the xyz axes.

Col3 Col Indices I 'LAST I Object to be used as an index representing
- I the third column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode Description

I DCM Matrix I Direction j In n This parameter is the current active
I I Cosinej Out I direction cosine matrix.
I I -Matrix I

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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3.3.2.4.9.1.10.6.4 LOCAL DATA

None.

3.3.2.4.9.1.10.6.5 PROCESS CONTROL
Not applicable.

3.3.2.4.9.1.10.6.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine Matrix Operations.DCMGeneralOperations)
procedure Compute FTrst RoW From _rthonormal

(DCMMatrix : in out DirectionCosineMatrix) is

begin

DCM Matrix(Rowl,Coll) := DCMMatrix(Row2,Col2) * DCM_Matrix(Row3,Col3)
- DCMMatrix(Row2,Col3) * DCMMatrix(Row3,Col2);

DCMMatrix(Rowl,Col2) := DCX Matrix(Row2,Col3) * DCM Matrix(Row3,Coll)
- DCk_Matrix(Row2,Coll) * DCMMatrix(Row3,Col3);

DCM Matrix(Rowl,Col3) := DCMMatrix(Row2,Coll) * DCM Matrix(Row3,Col2)
- DCHMatrix(Row2,Col2) * DCk-Matrix(Row3,Coll);

end ComputeFirstRowFromOrthonormal;

3.3.2.4.9.1.10.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.10.6.8 LIMITATIONS

None.

3.3.2.4.9.1.10.7 DCMFROMQUATERNION UNIT DESIGN (CATALOG #P295-0)

This part computes the direction cosine matrix that transforms data from
coordinate frame xyz to XYZ given the unit quaternion that rotates the XYZ
frame into the xyz frame.

3.3.2.4.9.1.10.7.1 REQUIREMENTS ALLOCATION

N/A

.4%
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3.3.2.4.9.1.10.7.2 LOCAL ENTITIES DESIGN -'

None.

3.3.2.4.9.1.10.7.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Row Indices discrete Data type which translates into the

- type row indexing of the direction cosine matrix.

ColIndices discrete Data type which translates into the
type column indexing of the direction cosine

matrix.

1 Sin Cos Ratiol floating I Type which translates into the type of the
- - point elements of the direction cosine matrix. I

Direction 3X3 Type representing a direction cosine matrix

-Cosine matrix indexed by the column and row types describedi
-Matrix above with elements of type SinCosRatio.

Quaternion discrete Data type which translates into the
Indices type indexing elements which index the I

quaternion.

Quaternion 1X4 Type representing the unit quaternion which
_Vector matrix rotates the XYZ frame into the xyz frame.

Data objects;

The following table describes the generic formal objects required by this part:

%E
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I Name I Type I Value I Description I

Rowl Row Indices I 'FIRST I Object to be used as an index representing
the first row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the x-axis
and the XYZ axes.

Row2 Row Indices I SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis
and the XYZ axes.

Row3 RowIndices 'LAST I Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

Coll ColIndices 'FIRST I Object to be used as an index representing
the first column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the X-axis
and the xyz axes.

Co12 ColIndices I SUCC I Object to be used as an index representing
'FIRST the second column of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the Y-axis
and the xyz axes.

Col3 Col Indices I 'LAST I Object to be used as an index representing
the third column of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the Z-axis
and the xyz axes.

00 Quaternion 'FIRST I Object to be used as an index representing
Indices the first element of the quaternion.

QI Quaternion SUCC I Object to be used as an index representing
I Indices I 'FIRSTI the second element of the quaternion.

II I I
Q2 Quaternion I PRED I Object to be used as an index representing

-Indices 'LAST the third element of the quaternion.

03 Quaternion I 'LAST I Object to be used as an index representing
-Indices the fourth element of the quaternion.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

N .N .. ,.% I% , K
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Name I Type I Mode I Description

I Quaternion I Quaternion j In I This object represents the unit I
I I _Vectors I I quaternion which rotates XYZ into xyz.I

3.3.2.4.9.1.10.7.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type IValuel Description I

1 00 Sqr ISin Cos N.A.I This object temporarily hold the square of I
I _Ratio I quaternion element qO.I

I Q1_Sqr ISin Cos I N.A.I This object temporarily hold the square of I
I I Ratio I quaternion element q1.
I I I II
I Q2_Sqr ISin Cos I N.A.I This object temporarily hold the square of I
I I Ratio quaternion element q2.
I I II Q3_Sqr ISin Cos I N.A.I This object temporarily hold the square of

-I Ratio I quaternion element q3.

I- I I
I DCM IDirectioni N.A.I This object is the direction cosine matrix I
I I Cosine I I that is computed and returned. II Matrix I I

3.3.2.4.9.1.10.7.5 PROCESS CONTROL .

Not applicable.

3.3.2.4.9.1.10.7.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.DCMGeneralOperations)
function DCM From Quaternion

Thuaternion : Quaternion Vectors)
return DirectionCosine Matrix is

--declaration section

-- -- <objects to hold the squares of quaternions>---

Q0_Sqr : Sin Cos-Ratio;
01_Sqr : Sin Cos Ratio;

01. SiCsato
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Q2_Sqr :Sin -Cos-Ratio;
03_Sqr :SinCosRatio;

--------<the DCM to be returned>,---

DOM Direction Cosine Matrix;

--begin function

begin

-------------- <compute squares of quaternions>,------

QO_Sqr :=Quaternion(qO) * Ouaternion(q0);
01_Sqr :=Quaternion(ql) * Quaternion(ql);
Q2_Sqr :=Quaternion(q2) * Ouaternion(q2);
03_Sqr Quaternion(q3) * Quaternion(q3);

--------------<compute direction cosines> ---------

DCM(Rowl,Coll) := 00_Sqr + 01_Sqr - 02_Sqr - Q3_Sqr;
DCM(Row2,Col2) :=.0OSqr - 01 Sqr + Q2 Sqr - Q3_Sqr;
DCM(Rov3,Col3) :=QO_Sqr - 01_Sqr - Q2_Sqr + Q3_Sqr;

DCM(Row2,Coll) :=((Quaternion(qO) * Ouaternion(q3))
.+(Quaternion(q1) * Quaternion(q2)) )
*2.0;

DCM(Row3,Coll) :~((Quaternion(ql) * Ouaternion(q3))
-(Quaternion(qO) * Quaternion(q2)) )
*2.0;

DCM(Rowl,Col2) :=((Quaternion(ql) * Quaternion(q2))

-(utrno~O * Quaternion(q3)) )

DCM(Row3,Col2) :=((Quaternion(qO) * Quaternion(ql))
+(Quaternion(q2) * Ouaternion(q3)) )
*2.0;

DCM(Rowl,Col3) :=((Quaternion(qO) * Quaternion(q2))
+(Quaternion(ql) * Quaternion(q3)) )
*2.0;

DCM(Row2,Col3) :=C(Quaternion(q2) * Quaternion(q3))
-(Quaternion(qO) * Quaternion(ql)) )
*2.0;

return DCM;

end DCMFromQuaternion;

hry o§3 , WO 4
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3.3.2.4.9.1.10.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.1.10.7.8 LIMITATIONS

None.
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3.3.2.4.9.2 CNE OPERATIONS PACKAGE DESIGN (CATALOG #P296-0)

This package contains all functions and procedures that specifically apply to a
CNE direction cosine matrix. A CNE DCM is a 3X3 matrix that is used to
transform data between the Navigation coordinate frame and the Earth coordinate
frame. The Navigation frame assumes the convention "East, North, Up", and the
Earth frame assumes the convention "Greenwich, Right, Polar". The elements of
this matrix are direction cosines of angles between specific axes of the two
coordinate frames.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.2.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this
part:

I Name j Requirements Allocation I

CNE Initialized FromReference N/A
Reorthonormalize CNE N/A
Compute First Row of CNE From Orthonormall N/A
CNE Initialized From Earth Position R32

I Perform TrapezoidalIntegration ofCNE N/A
I Perform-RectangularIntegration ofCNE N/A
Frame Misalignment ofCNE N/A

I AlignedCNE Matrix N/A
ICNE From Quaternion N/A

3.3.2.4.9.2.2 LOCAL ENTITIES DESIGN

Subprograms:

The following table describes the subprograms in this part. The first two
subprograms are instantiations of parts from DCMGeneralOperations.

S

P, ,No A, 14010e_6 k
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I Name I Type I Description
A-

CNE Initialized I functionj This function initializes a CNE matrix to a
From I reference CNE matrix.

IReference I I

I Reorthonormalizelprocedurel This procedure reorthonormalizes a CNE matrix.
CNE [I I

Compute First Iprocedurel This procedure computes the first row of a CNERow of CNE matix using the orthonormal property.

-From
-Orthonormal I

CNE Initialized generic This function initializes the CNE matrix fromJ
- romEarth function the latitude, longitude, and wander angle of
-Posifion the missile location.

----ow--fONE -matix-using-the-or-honorm---property

3.3.2.4.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types: AM

The following table describes the generic formal types required by this part:

I Name I Type I Description

Earth-Axes discrete Data type which translates into the
type row indexing of the direction cosine

matrix. This type should be equivalent
(conceptually) to "Greenw, Right, Polar".

Navigation discrete Data type which translates into the columnJ
Axes type indexing of the direction cosine matrix.
- This type should be equivalent (conceptually)l

I I to "East, North, Up".

I Sin Cos Ratiol floating I Type which translates into the type of the
- point elements of the direction cosine matrix.

CNEMatrix 3X3 Type representing a direction cosine matrix
matrix indexed by the column and row types described I

above with elements of type SinCosRatio. I

Data objects:

The following table describes the generic formal objects required by this part:

ZoXV

%N 4 v
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I Name I Type I Value I Description I

I Greenwl Earth Axes I 'FIRST I Object to be used as an index representing
- I I I the first row of the direction cosine

matrix. This object indexes the direction-
cosines of the angles between the x-axis
and the XYZ axes.

Right EarthAxes I SUCC I Object to be used as an index representing
'FIRST the second row of the direction cosine

matrix. This object indexes the direction
cosines of the angles between the y-axis
and the XYZ axes.

Polar EarthAxes I 'LAST I Object to be used as an index representing
the third row of the direction cosine
matrix. This object indexes the direction
cosines of the angles between the z-axis
and the XYZ axes.

East Navigation 'FIRST Object to be used as an index representing
Axes the first column of the direction cosine
- matrix. This object indexes the direction

cosines of the angles between the X-axis
and the xyz axes.

North Navigation I SUCC I Object to be used as an index representing I
Axes 'FIRST the second column of the direction cosine
- matrix. This object indexes the direction

cosines of the angles between the Y-axis
and the xyz axes.

Up Navigation I 'LAST I Object to be used as an index representing I
-Axes the third column of the direction cosine

matrix. This object indexes the directionj
cosines of the angles between the Z-axis
and the xyz axes.

FORMAL PARAMETERS:

The following table describes subprogram CNEInitializedFrom Reference's
formal parameters:

Ii-
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I Name I Type I Mode I Description

REF CNE 2 1 Sin Cos Ratio In This value is the reference direction
. .. . . cosine element located at RIGHT, I

EAST. It represents the
direction cosine of the angle
between the y-axis and the X-axis.

REF CNE 2 2 Sin Cos Ratio In This value is the reference direction
. .. . .cosine element located at RIGHT,

NORTH. It represents the
Idirection cosine of the angle
II j between the y-axis and the Y-axis. I

REF CNE 3 1 Sin Cos Ratio In This value is the reference direction
. .. . . cosine element located at POLAR,

EAST. It represents the
direction cosine of the angle
between the z-axis and the X-axis.

REF CNE 3 2 Sin Cos Ratio In This value is the reference direction
. .. . . cosine element located at POLAR,

NORTH. It represents the
direction cosine of the angle
between the z-axis and the Y-axis.

SignOf_2_3 INTEGER In This value represents the sign of the
reference direction cosine element
located at RIGHT, column 3. This
value is the sign of the direction
cosine of the angle between the
y-axis and the Z-axis. The value

Imust equal either -1 or 1, which
represents minus or plus,
respectively.

I I I

SignOf_3_3 INTEGER In This value represents the sign of the
reference direction cosine element
located at POLAR, column 3. This
value is the sign of the direction

cosine of the angle between the
z-axis and the Z-axis. The value
must equal either -i or 1, which
represents minus or plus,

respectively.

The following table describes subprogram ReorthonormalizeCNE's formal
parameters:

I Name I Type I Mode I Description I

I CNE I CNEMatricesl in I This parameter is the direction cosine
I I I I matrix to be reorthonormalized.

- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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3.3.2.4.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

Name i Type I Value I Description

CNE Matrices 3X3 N.A. This type is a type representing a DCM
- Iderived from the coordinate frames of

the Earth and Navigation frames. The
earth frame axes are assumed to be

"Greenwich, Right, Polar", and the
navigation frame axes are assumed to be
"North, East, Up".

3.3.2.4.9.2.5 PROCESS CONTROL

Not applicable.

3.3.2.1.9.2.6 PROCESSING

.- The following describes the processing performed by this part:

separate (Direction Cosine Matri:: Operations)
package body CNEOperations is

package DCM GEN PKG renames
DirectionCosineMatrixOperations.DCMGeneralOperations;

-- --<instantiation of a units from "DCM General Operations" with CNE
specific parameters applied to the-generics>

function Initialize From Ref is new
DCM GENPKG.DCMInitialized Yrcm Reference

TRowI-ndices => Earth Axes,
Col-Indices => Navigation Axes,
Sin Cos Ratio => Sin Cos Ratio,
DirectionCosineMatrix => CNEMatrices);

procedure Reorthonormalize is new
DCH GEN PKG.Reorthonormalize DCM

TRow Indices . => Earth Axes,
Col indices => Navigation Axes,
Sin-Cos Ratio => Sin CosRatio,
Direction Cosine Matrix => CNE Matrices,
Real => Real);

procedure Compute First Row is new
DCM GEN PKC.ComputeFirst Row From Orthonormal

(RowIndices => Earth_Axes,
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Col Indices => Navigation Axes,
Sin-Cos Ratio => Sin CosRatio,
DirectionCosineMatrix => CNE Matrices);

--.. separate parts

function CNE Initialized From EarthPosition
(Wander Angle : Angles;
Latitude : Earth Position;
Longitude : Earth Position)
return CNEMatrices is separate;

package body CNEIntegration is separate;

package body Alignment_Parts is separate;

package body CNE FromQuaternion is separate;

-- - -- - - - - - - - - - - - - - - - - - - - - - - ------

---- routines acting as interfaces to instantiated routines

function CNE Initialized From Reference
TRef CNE 2 1 : Sin Cos-Ratio;
Ref-CNE-2-2 : Sin-Cos-Ratio; Y
RefCNE-3-! : Sin-Cos Ratio;
Ref-CNE-3-2 : Sin CosRatio;
Sign Of-2-3 : INTEGER;
SignOf-3-3 : INTEGER)

return CNE Matrices is
begin

return Initialize From Ref
(Ref DCIM 2 1=> Ref CNE 2 1,
Ref DCM 2 2 => Ref-CNE-2-2,
Ref-DCM-3-1 => Ref-CNE-3-1,
Ref-DCM3-2 => Ref-CNE-3-2,
Sign Of-23 => Sign Of 2 3,
Sign-Of-3-3 => Sign Of-3-3);

end CNEInitialize_F-o-mReference; 

procedure ReorthonormalizeCNE (CNE : in out CNEMatrices) is
begin

Reorthonormalize (CNE);
end ReorthonormalizeCNE;

procedure ComputeFirst Row of CNE From Orthonormal
(CNE : in out CNEMatrices) isbegin-

Compute First Row (CNE);
end Compute_FirstRow ofCNEFromOrthonormal;

end CNEOperations;
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3.3.2.4.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.2.8 LIMITATIONS

None.

3.3.2.4.9.2.9 LLCSC DESIGN

3.3.2.4.9.2.9.1 CNE INTEGRATION PACKAGE DESIGN (CATALOG #P298-0)

This generic package contains procedures that integrate a CNE direction cosine
matrix. The first two procedures initialize and integrate a CNE using
trapezoidal integration. The last procedure integrates a CNE using rectangular
integration. Note that the first row is not computed in the integration. It
must be computed by another function.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.2.9.1,1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this
part:

Name I Requirements Allocation

Perform TrapezoidalIntegration of CNEI N/A I
I Perform-RectangularIntegration-of-CNEI N/A I

3.3.2.4.9.2.9.1.2 LOCAL ENTITIES DESIGN

Packages:

For "PerformTrapezoidalIntegration ofCNE", the package "IntegrateTrap" is
created and maintained.

Subprograms:

For "Perform RectangularIntegration of CNE", the procedure "IntegrateRect" is
created and maintained.

3.3.2.4.9.2.9.1.3 IN.PUT/OUTPUT

GENERIC PARAMETERS:

N Data types:
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The following table describes the generic formal types required by this part:

I Name I Type I Description

AngularVelocities I floating Data type that translates into the type of!
I point a component of the angular velocity in
I a given reference frame.

Time Intervals I floating Data type that translates into the type ofI point I an object that represents a time
i I interval (delta time).

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Description I

Initial East Rho Angular This object can be used to initialize
I Velocitiesl the East component of angular velocity
F I (for trapezoidal integration).

InitialNorthRho Angular I This object can be used to initialize
I Velocitiesl the North component of angular velocity
F I (for trapezoidal integration).

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

"" function This function computes the product of an object of typel
Angular Velocity and an object of type Time Intervals
producinig an object of type SinCosRatio.

" I function This function computes the product of an object of type!
Angular Velocity and an object of type Sin Cos Ratio
producing an object of type AngularVelocities.

FORMAL PARAMETERS:

The following table describes procedure 4'PerformTrapezoidal Integration of_
CNE"'s formal parameters:
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I Name I Type I Mode I Description I

CNE CNE In This parameter is the direction cosine
I _Matricesl Out I matrix that is integrated.

I EastRho jAngular I In I This value is the East cemponent of
I Velocitiesl I angular velocity.
F I II

I NorthRho jAngular I In I This value is the North component of
I _Velocitiesl I angular velocity.

I DeltaTime ITime I In I This value is the time interval which
I Intervalsi equals the time since the last
I I I integration.

The following table describes procedure "ReinitAngVelFor Trapez_Integ_of_-
CNE"'s formal parameters:

I Name I Type I Mode I Description

I EastRho jAngular I In I This value is the East component of
I Velocities I angular velocity to be used for
F IIinitialization.

I NorthRho jAngular I In This value is the North component of
I Velocitiesl I angular velocity to be used for
F I I initialization.

The following table describes procedure "PerformRectangular_Integration of -
CNE"'s formal parameters:

I Name I Type I Mode I Description I

CNE I CNE I In I This parameter is the direction cosine
I _Matricesl Out I matrix that is integrated.

I EastRho jAngular I In I This value is the East component of
I _Velocities angular velocity.

NorthRho jAngular I In I This value is the North component ofIVelocitiesl angular velocity.

I DeltaTime ITime I In I This value is the time interval which
I Intervalsl I equals the time since the last

I Iintegration.

-- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -
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3.3.2.4.9.2.9.1.4 LOCAL DATA

None.

3.3.2.4.9.2.9.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.2.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine Matrix Operations.CNEOperations)
package body CNEIniegration is

- --local instantiations

..-- <instantiation of a units from "DCM General Operations" with CNE
.... specific parameters applied to the generics>---

package IntegrateTrap is new.
DCM GEN PKG.DCM TrapezoidalIntegration

(AnguIar VeloCities => Angular Velocities,
Time Intervals => Time Intervals,
Row indices => Earth Axes,
Col Indices => Navigation Axes,Sin-Cos Ratio => Sin Cos Ra~io,Direction Cosine Matrix => CNE-Matrices,
Initial X-Rho => Inifial East Rho,
InitialYRho => InitialNortE_Rho);

procedure Integrate Rect is new
DCM GEN PKG.Perform Rectangular Integration-of DCM

(AnguIar Velocities => Angular Velocities,
Time Intervals => Time Intervals,
Row Yndices => Eart Axes,
Col-Indices => Navigation Axes,
Sin-Cos Ratio => Sin Cos RaTio,
Direction_CosineMatrix => CNEMatrices);

---- routines acting as interfaces to instantiated routines

--- --- ------- [Trapezoidal Integration]-------

procedure PerformTrapezoidal_Integration of CNE
(CNE : in out CNE Matrices;
East Rho : in AngularVelocities;
NortH Rho ; in Angular Velocities;
Delta-Time : in TimeIntervals) is

begin
IntegrateTrap.PerformTrapezoidal_integration ofDCM
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(CNE, East Rho, NorthRho, DeltaTime);
end PerformTrapezoidal Integration _of CNE;

procedure Reinit AngVel forTrapezIntegof CNE
(East Rho : in AngularVelocities;
NorthRho : in AngularVelocities) is

begin

IntegrateTrap.Reinitialize Angular Velocities
(East Rho, North Rho);

end ReinitAngVelforTrapez_Integ_ofCNE;

- --------- [Rectangular Integration]-------

procedure PerformRectangularIntegration of CNE
(CNE : in out CNE Matrices;
East Rho : in Angular Velocities;
NortH Rho : in Angular Velocities;
Delta-Time : in TimeInTervals) is

begin
IntegrateRect (CNE, EastRho, North Rho, DeltaTime);

end Perform Rectangular_Integration of _ONE;

end CNEIntegration;

3.3.2.4.9.2.9.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but definedelsewhere in the parent top level component:

Packages:

Name I Type I Source j Description

IM.DCM General Ipackage I Direction I This package contains general
_Operations -Cosine operations for direction cosine

-Matrix matrices. CNE Integration
Operations! instantiates functions and proceduresl

Dfrom this package.

DCM package I DCM Generall This package contains 2 procedures; thel
I Trapezoidall I _Op-erations first reinitializes the angular vel-
I lntegration I ocities for trapezoidal integration,
_of DCM and the second performs the

integration.

-C, Data types:
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The following table summarizes the types required by this part and defined
elsewhere in the parent top level component:

I Name I Type j Source I Description

I CNE 3X3 I CNE I Type representing a direction cosine
IMatricesi matrixj _Operationsl matrix indexed by the column and rowI! I I j j types representing the navigation and
I I I I earth frame.

3.3.2.4.9.2.9.1.8 LIMITATIONS

None.

3.3.2.4.9.2.9.1.9 LLCSC DESIGN

None.

3.3.2.4.9.2.9.1.10 UNIT DESIGN

None.

3.3.2.4.9.2.9.2 ALIGNMENTPARTS PACKAGE DESIGN (CATALOG #P299-0)

This package contains two functions. The first function computes the rotation
angles between the CNE and a reference direction cosine matrix. The second
function rotates the CNE matrix into alignment by using the rotation angles.
The second function only computes the second and third row of the CNE matrix.
The first row must be updated separately.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.2.9.2.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this
part:

I Name I Requirements Allocation

I Frame Misalignmentof CNE I N/A
I Aligned_CNEMatrix I N/A----------------------------------------
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3.3.2.4.9.2.9.2.2 LOCAL ENTITIES DESIGN

Packages:

For "Perform Trapezoidal_Integration ofCNE", the package "IntegrateTrap" is
created and maintained.

Subprograms:

For "Frame Misalignment of CNE", the fuuction "Computed Frame Misalignment" is
created and maintained. For "Aligned CNE Matrix", the function "Align CNE -

Matrix" is created and maintained.

3.3.2.4.9.2.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part:

Name I Type I Description

Rotation discrete Data type which translates into the I
Indices type indexing elements of a rotation angle vector.

. Rotation floating Type which translates into the type of the
_Angles point elements of a rotation angle vector.

Rotation I 1X3 matrix Type representing a rotation angle vector.
_Angle (vector)
_Vec

Data objects:

The following table describes the generic formal objects required by this part:

Name I Type Value I DescriptionI

X Rotation I 'FIRST I Object to be used as an index representing
Indices the firs- element of the rotation angle

vector.

Y Rotation I SUCC I Object to bit used as an index representing
I Indices I 'FIRSTI the second element of the rotation angle

vector.
Z Rotation 'LAST Object to be used as an index representing

_Indices the third element of the rotation angle
vector.

---- -- ---- ----------------------------
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Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

"*" function This function computes the product of an object of typel
Sin Cos Ratio and an object of type RotationAngles
producing an object of type SinCosRatio.

"*" function This function computes the product of an object of typel
Sin Cos Ratio and an object of type Sin Cos Ratio
producing an object of type RotationAngles I

FORMAL PARAMETERS:

The following table describes function "FrameMisalignmentofCNE"'s formal
parameters:

I Name I Type I Mode I Description I

l CNE l CNE I In I This parameter is the active direction I
I _Matrices[ I cosine matrix (of the missile). II I I I I

I REF DC Matrixi CNE I In I This parameter is the reference directioni
I I _.Matricesl I cosine matrix. I

The following table describes function "AlignedCNEMatrix"'s formal
parameters:

I Name I Type I Mode I Description i

I CNE I CNE I In I This parameter is the active direction
I _Matricesi I cosine matrix (of the missile).I I I II

I Rotation I Rotation l In This parameter is the rotation angles to
I _Angle _ Angle ] I be used to align the DCM.
I I _Vec I

3.3.2.4.9.2.9.2.4 LOCAL DATA

None.

3.3.2.4.9.2.9.2.5 PROCESS CONTROL

Not applicable.
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. 5 3.3.2.4.9.2.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine MatrixOperations.CNEOperations)
package body Alignment_Parts is

-- --local instantiations

---<instantiation of a unit from "DCM General Operations" with CNE
-- specific parameters applied to the generics>---

function ComputedFrame Misalignment is new
DCM GEN PKG.FrameMisalignment

(Row Indices => Earth Axes,
Col-Indices => Navigation Axes,
Sin -Cos Ratio => SinCos Ratio,
Direction Cosine Matrix => CNE Matrices,
Rotation indices => Rotation Indices,
RotationAngles => Rotation7Angles,
RotationAngleVec > RotationAngleVec);

function Align_CNEMatrix is new
DCM GEN PKG.AlignedDCM Matrix

(Now indices => Earth Axes,
ColIndices => Navigation Axes,
Sin Cos Ratio . > Sin Cos Ratio,
Direction Cosine Matrix => CNE-Matrices,
Rotation Indices => Rotation Indices,
Rotation-Angles => RotationAngles,
RotationAngleVec => RotationAngleVec);

---- routines acting as interfaces to instantiated routines

----------- [Frame Misalignment]

function Frame Misalignment of ZNE
(CNE : CNE Matrices;REF DC Matrix : CNEMatrices)
return RotationAngleVec is

begin

return Computed Frame Misalignment (CNE, REF DC Matrix);
end FrameMisalignment oECNE;

------- [Align CNE Matrix]---------

function AlignedCNEMatrix
(CNE : CNE Matrices;
Rotation r:.gle : RotationAngleVec)
return CNEMatrices is

begin
return Align CNE Matrix (CNE, Rotation-Angle);

end Aligned_CNEMatrix;
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end AlignmentParts;

3.3.2.4.9.2.9.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Packages:

The following table summarizes the external packages required by this part:

I Name I Type I Source I Description

IDCM General Ipackage I Direction I This package contains general
Operations I I Cosine I operations for direction cosine

I I I -Matrix I matrices. Alignment Parts
I I I TOperationsl instantiates functions and proceduresi
I I I I from this package. I

Data types:

The following table summarizcs the types required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Source I Description I

I CNE I 3X3 I CNE I Type representing a direction cosine
I _Matricesl matrixl _Operationsl matrix indexed by the column and row
I I I -I types representing the navigation and
I I I I' earth frame.

3.3.2.4.9.2.9.2.8 LIMITATIONS

None.

3.3.2.4.9.2.9.2.9 LLCSC DESIGN

None.

3.3.2.4.9.2.9.2.10 UNIT DESIGN

None.

I
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3.3.2.4.9.2.9.3 CNE FROM QUATERNION PACKAGE DESIGN (CATALOG #P300-O)

This package contains a function which initializes the CNE matrix using a
quaternion.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.2.4.9.2.9.3.1 REQUIREMENTS ALLOCATION

The following table summarizes the allocation of CAMP requirements to this
part:

Name I Requirements Allocation

I CNEFromQuaternion I N/A I

3.3.2.4.9.2.9.3.2 LOCAL ENTITIES DESIGN

Subprograms:

The function "Computed CNE" is created and maintained by this part.

3. 3.2.4.9.2.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part:

I Name I Type J Description

Quaternion I discrete I Data type which translates into the
I _Indices I type I indexing elements which index the

I I quaternion. II I I I
Quaternion 1 IX4 I Type representing the unit quaternion which I

I Vector j matrix I rotates the XYZ frame into the xyz frame. I

Data objects:

The following table summarizes the generic formal objects required by this
part:
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I Name I Type I Value I Description

Q0 Quaternion I 'FIRST I Object to be used as an index representing
Indices the first element of the quaternion.

Q1 Quaternion SUCC Object to be used as an index representing
I Indices I 'FIRSTI the second element of the quaternion.

II -I I
Q2 I Quaternion I PRED I Object to be used as an index representing

I Indices 'LAST the third element of the quaternion.

Q3 Quaternion I 'LAST I Object to be used as an index representing

_Indices the fourth element of the quaternion.

FORMAL PARAMETERS:

The following describes the formal parameters for the function "ComputeCNE":

I Name I Type I Mode I Description

I Quaternion I Quaternion I In I This object represents the unit I
I I _Vectors I I quaternion which rotates XYZ into xyz.I

3.3.2.4.9.2.9.3.4 LOCAL DATA

None.

3.3.2.4.9.2.9.3.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.2.9.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine Matrix Operations.CNEOperations)
package body CNEFromQuaternion is

---- local instantiations

..-- <instantiation of a unit from "DCM GeneralOperations" with CNE
specific parameters applied to tne generics>---

function Computed CNE is new
DCM GEN PKG.DCM FromQuaternion

(Row Indices => Earth Axes,
Col-Indices => NavigationAxes,
SinCosRatio => SinCos Ratio,

. .
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Direction Cosine Matrix => CNE Matrices,
QuaternionIndices => Quaternion Indices,
Quaternion-Vectors => QuaternionVectors);

---function bodies

.---.<the function to call the above function>---

function Compute CNE
(quaternion : QuaternionVectors)
return CNEMatrices is

begin
return ComputedCNE (quaternion);

end ComputeCNE;

end CNEFromQuaternion;

3.3.2.4.9.2.9.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Packages:

The following table summarizes the external packages required by this part:

I Name I Type I Source I Description

IDCM General ipackage I Direction I This package contains general
_Operations _Cosine operations for direction cosine

_Matrix I matrices. CNE From Quaternion

NIII _Operations I instantiates functions and procedures i
I I from this package. I

Data types:

The following table summarizes the types required by this part and defined

elsewhere in the parent top level component:

I Name I Type I Source I Description .1

I CNE I 3X3 I CNE I Type representing a direction cosine
1 _Matrices[ matrixl Operations matrix indexed by the column and row

- I I -[ types representing the navigation and
I I I I earth frame.

. 51 111---- -- ----- - --- ------ -------- ----------- ----- ---- ----------- ---- ---------- ----I~l f II !lg! ! I l l nlfl~ i
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3.3.2.4.9.2.9.3.8 LIMITATIONS

None.

3.3.2.4.9.2.9.3.9 LLCSC DESIGN

None.

3.3.2.4.9.2.9.3.10 UNIT DESIGN

None.

3.3.2.4.9.2.10 UNIT DESIGN

3.3.2.4.9.2.10.1 CNEINITIALIZEDFROMEARTHPOSITION UNIT DESIGN (CATALOG #P297-0)

This generic function initializes a CNE matrix from the earth position. Earth
position is defined through the wander angle, latitude, and longitude.

3.3.2.4.9.2.10.1.1 REQUIREMENTS ALLOCATION

N/A

3.3.2.4.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.2.4.9.2.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

Name I Type I Description I.

Earth I floating I Type which translates into the type of
_Position I point I lattitude and longitude.I I II

Angles j floating I Type which translates into the type of the
I point I wander angle.

Subprograms:

The following table describes the generic formal subroutines required by this
part:
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Name Type I Description I

SinCos I procedure This procedure computes the sine and cosine of an
II object of type Angles. The returned values are of
I type SinCosRatio.

Sin Cos I procedure This procedure computes the sine and cosine of an
I object of type Earth Position. The returned values
I are of type Sin Cos Ratio.

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name Type I Mode I Description

WanderAngle Angles I In I This object represents the wander angle
which is the angle between the East axis
of the navigation frame and the current

missile direction of motion.

Latitude Earth I In I This object represents the current
Position latitude of the missile's earth

I Ilocation.

Longitude Earth I In I This object represents the current
Position longitude of the missile's earth

location.

3.3.2.4.9.2.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

sl



CAMP Software Detailed Design Document Page 282
r---

I Name I Type I Value I Description I

I Sin Lat ISin Cos Isine of I This object stores the value of the
I - Ratio I latitude sine of earth latitude.

II I
I Cos Lat ISin Cos Icosine of I This object stores the value of the

I Ratio Ilatitude cosine of earth latitude.

4 I IIII
I SinLong ISin Cos Isine of I This object stores the value of the
I I _Ratio I longitudel sine of earth longitude.

*I I I II
I CosLong ISin Cos Isine of I This object stores the value of the

I _Ratio I longitudel cosine of earth longitude.

II I I
I Sin Wa ISin Cos Isine of I This object stores the value of the
I - Ratio I wander I sine of the wander angle.
I I langle I
II I I
I Cos Wa ISin Cos Icosine of I This object stores the value of the
I I Ratio wander I cosine of the wander angle.

I I angle I
I I I II
I CNE ICNE N.A. I This object is a 3X3 direction cosine
I Matricesl I matrix, this object is computed I
I I I I and returned by this function. I

3.3.2.4.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.2.4.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Direction Cosine Matrix Operations.CNE Operations)
function CNE Initiaized From EarTh Position Z

tWander Angle : AnPgles;i
Latitude : Earth Position;
Longitude : EartlfPosition)
return CNEMatrices is

. --declaration section

.-- --- <objects to hold the sine and cosine of latitude, longitude,
and wander angle>---

Sin Lat : Sin Cos Ratio;
Cos-Lat : Sin Cos Ratio;
SinLong : Sin Cos-Ratio;
CosLong : SinCos Ratio;
SinWa : SinCosRatio;
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CosWa SinCos.Ratio;

- -- --- <the CNE to be returned>---

CNE CNEMatrices;

--begin function

begin

--. <compute sines and cosines>--

Sin Cos(Latitude, Sin Lat, Cos Lat);
Sin Cos(Longitude, Sin Long, CosLong);
Sin_Cos(WanderAngle, SinWa, CosWa);

-- --<compute CNE elements>--

CNE(Greenw,East) := -Cos Wa * SinLong - Sin Wa * Sin Lat * Cos Long;
CNE(Right, East) := Cos Wa * Cos Long - Sin-Wa * Sin-Lat * Sin Long;
CNE(Polar, East) := Sin Wa * CosLat;

CNE(Greenv,North) := Sin Wa * Sin Long - Cos Wa * Sin Lat * Cos Long;
CNE(Right, North) := -Sin-Wa * CosLong - Cos-Va * Sin-Lat * Sin-Long;
CNE(Polar, North) := Cos Wa * CosLat;

CNE(Greenw,Up) :f Cos Lat * Cos'Long;
CNE(Right, Up) := CosLat * Sin_Long;
CNE(Polar, Up) := Sin Lat;

return CNE;

end CNEInitializedFromEarthPosition;

3.3.2.4.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.2.4.9.2.10.1.8 LIMITATIONS

None.
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3.3.2.4.10 UNIT DESIGN

None.

II

'4'
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package body DirectionCosineMatrixOperations is

package body DcmGeneralOperations is separate;

package body CneOperations is separate;

end DirectionCosineMatrixOperations;

@I

P.'

: ........ . ....? ... .. . .. .. ... .... .. ..... .... .......
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separate (Direction Cosine Matrix Operations)
package body DcmGeneralOperations is

function Dcm Initialized From Reference
(Ref Dcm 2 1 :-Sin Cos Ratio;
Ref Dcm-2-2 : Sin Cos Ratio;
Ref-Dcm-3-1 : Sin Cos-Ratio;
Ref-Dcm-3-2 : Sin-Cos-Ratio;
Sign 0f-2-3 : INTEGER;
Sign Of 3-3 : INTEGER)

return DirectionCosineMatrix is separate;

package body DcmTrapezoidalIntegration is separate;

procedure PerformRectangular integration Of Dcm
(Dc Matrix : in out Direction Cosine Matrix;
X Rho : in Angular Velocities;
Y-Rho : in AngularVelocities;
DeltaTime : in TimeIntervals) is separate;

procedure Reorthonormalize Dcm
(DcmMatrix : in out DirectionCosineMatrix) is separate;

function Frame Misalignment
cm Matrix : Direction Cosine Matrix;

(ef-Dc Matrix : Direction-Cosine Matrix)

return RotationAngleVec is separate;

function AlignedDcm Matrix
(DcmMatrix : Direction Cosine Matrix;
Rotation Angle : Rotation Angle Vec)
return DiiectionCosineMatFix is-separate;

procedure Compute First Row From Orthonormal
(DcmMatrix - : in out DirectionCosineMatrix) is separate;

function Dcm From Quaternion
(Quaternion : Quaternion Vectors)
return Direction CosineMatrix is separate;

end DcmGeneralOperations;

II
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separate (DirectionCosine MatrixOperations.DcmGeneralOperations)
function Dcm Initialized -From -Reference

(Ref -Dcm -2 f. : SinCosRatio;
Ref Dcm 22 :Sin Cos Ratio;

Ref Dcm 3l1 : Sin7Cos Ratio;
Ref Dcm 32 : SinCos-Ratio;
Sign Of_23 :INTEGER;
Sign_3_3 : INTEGER)

return DirectionCosineMatrix is

--- <direction cosine matrix to be computed>-

DcmMatrix :DirectionCosine Matrix;

begin4

-- <compute new DCM>-

if SignOfL 2=1I then

Dcm_Matrix(Row2,Col3) :=Sqrt (1.0 -( Ref -Dcm 2 1 *
Re+ co--

Ref Dciii 2_2 *

RefDcmfl

+
RefDcm 22 *
RefDcmf2)

end if;

Vif Sign Of 3 3 1then
Dcm 1Hatri(Row3,Col3) :=Sqrt (1.0 -( RefDcm_3 1*

RefDem_3-1

Ref Dcm. 3_2*
Ref-Dcn'3-2)

else _ __

Dcm Matrix(Row3,Col3) :=-Sqrt (1.0- RefDcm -3 -1*
Ref_Dcm_3_1

Ref Dcm, 3 2 *I
Ref_Dcm3_2)

end if;

DcmMatrix(Rowl,Coll) := Ref Dcm 2 2*
DcmiMatix(Row3 ,Col3)]j DcmHatrix(Row2,Col3)*
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RefDem_3_2;

* Dcm iMatrix(Rowl,Col2) Dcmi Matrix(Rov2,Col3)*
RefDcm_3_1

Ref Dcmi 21*
Dcm atri(Row3 ,Col3);

Dcmi Matrix(Rowl,Col3) Ref Dcm 2 1*
.;RefDcm 32

RefDcm 2 2*
RefDcm-3l1;

Dcm Matrix(Row2,Coll) :=Ref Dcm 2 1;
DcaiFMatrix(Rov2, Col2) :=Ref Dcm-22;
Dcm7-Matrix(Rov3,Coil) :=Ref Dci 3-1;
Dcmi Matrix(Row3,Col2) :=Ref Dcmi3 2;

return DcmMatrix;

end Dcm Initialized FromReference;
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separate (DirectionCosine Matrix Operations.DcmGeneralOperations)
package body Dcm Trapezoidal_Integration is

Prev X Rho : Angular Velocities Initial X Rho;
PrevYRho : AngularVelocities := Initial_YRho;

procedure ReinitializeAngularVelocities
(X Rho : in Angular Velocities;
Y-Rho : in Angular-Velocities) is separate;

procedure PerformTrapezoidal_Integration Of Dcm
(Dc Matrix in out Direction Cosine Matrix;
X Rho : in Angular Velocities;
Y-Rho : in AngularVelocities;
DeltaTime in TimeIntervals) is separate;

end DcmTrapezoidalIntegration;
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separate (Direction CosineMatrixOperations.Dcm.GeneralOperations.
DcmTrapezoidal Integration)

procedure Reinitialize Angular-Velocities
(X Rho : in Angular-Velocities;
Y Rho : in Angular Velocities) is

begin

Prev X Rho := X_Rho;
PrevYRho := Y_Rho;

end ReinitializeAngularVelocities;

0

4*

-41
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separate (Direction Cosine Matrix Operations.DcmGeneralOperations.
DcmTrapezoidal Integration)

procedure PerformTrapezoidalIntegrationOf Dcm
(Dc Mari in out Direction Cosine Matrix;

* .. X Rho :in Angular Velociti-es;
Y7Rho :in Angular-Vlelocities;
D~elta Time :in TimeIntervals) is

-----------<objects for internal calculations>-

Prey Dcm : Direction Cosine Matrix;
X Bound Sum :Angular V~elociti~es;
Y BoundSum : AngularfVelocities;
Del_T_Div_2 : TimeIntervals;

-- begin procedure

------------ <copy last two rows of DCM into previous DCM before computing>-

PreyDcm(Rov2,Coll) :=DcHatrix(Rov2,Coll);
Prey Dcm(Rov2,Col2) :=DcMatrix(Row2,Col2);
Prev-Dcm(Rov2,Col3) :=DcHatrix(Row2,Co13);

Prey Dcm(Rov3,Coll) Dc DcMatrix(Rov3,Coll);
Prev Dcm(Row3,Col2) :=DcMatrix(Row3,Col2);
PreyDcm(Row3,Col3) :=Dc_Matrix(Rov3,Col3);

--------<compute sum of X and Y bounds from old and new angular ve.ocity >--

X Bound Sum :=(X Rho + Prey X Rho);
Y BoundSum := (fRho + PrevYRho);

--------<compute delta time divided by 2 -for algorithm simplification>-

* DelTDiv 2 := DeltaTime *Time Intervals(O.5);

--------<compute new DCM>--

DcMatrix(Row3,Coll) :=PreyDcm(Ro3,Coll)-
(Y BoundSum * Prev Dcm(Row3,Col3)
*-DelTDiv_2);

DcMatrix(Row3,Col2) :=PreyDcm(Rov3,Col2) +
(X BoundSum * Prev Dcm(Row3,Col3)
*Del TDiv_2);

Dc Matrix(Rov3,Col3) :=PreyDcm(Row3,Col3) +
Y YBound Sum * PreyDcm(Row3,Coll)-
X Bound-Sum * Prev-Dcm(Rou3,Col2))
*DelTDfv 2;
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DcMatrix(Row2,Coll) Prey Dcm(Row2,Coll)-
4 C Y Bound Sum * PreyDcm(Row2,Col3)

*-Del T-Div_2);

DcMatrix(Row2,Col2) Prey Dcm(Row2,Col2) +
(X Bound Sum * PreyDcm(Row2,Col3)
*DelT Div2);

* Dc Matrix(Row2,Col3) :=Prey Dcm(Row2,Col3) +
Y _BoundSum *PreyDcm(Row2,Coll)-

Bound Sum *PreyDcm(Row2,Col2) )
Del1 T Difv_2;

Prev XRho=X Rho;
PrevY fRho :~YRho;

end PerformTrapezoidalIntegration OfDcui;

A2 2
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separate (Direction Cosine Matrix Operations.DcmGeneral-Operations)
procedure Perform RectangularIntegrationOfDcm-

(Dc Matrix :in out DirectionCosineMatrix;
XRho :in Angular Velocities;
Y Rho :in Angular Velocities;
Delta_ Time :in Time Intervals) is

--- declaration section

--------<DCM for computing increments (ttmporaiy) >-

DcmIncr :Directio~iCosineMatrix;

--------< objects for internal calculation >-

YRhoTimesDeltaTime :Sin Cos Ratio :=Y Rho * DeltaTime;

XRhoTimesDelta Time : Sin~hos Ratio X XRho * DeltaTime;

* -- begin procedure

begin

- -<compute increments for bottom two rows>-

Dcm Incr(Row2,Coll) :=-DCHatrix(Row2,Col3) * Y Rho Times Delta Time;
*Dcm ncr(Rov2,Col2) D~ Dcatrix(Row2,Col3) * X RhoTimes_ la ie
*DcmIncr(Rov2,Col3) :=DcMatrix(Rov2,Coll) * Y Rho Times Delta&Time-

DcMatrix(Rov2,Col2) * i RhoTimesDelta Time;
DcmIncr(Rov3,Coll) :=-DC_Matrix(Row3,Col3) * Y7Rho Times Delta Time;
DcmIncr(Row3,Col2) :=DcMatrix(Row3,Col3) * X-Rho-Times-DeltaTime;
DcmIncr(Row3,Col3) :=DcMatrix(Row3,Col1) * Y -Rho Times-Delta Time

Dc_-Matrix(Row3,Col2) * X-Rho-Times-Delta-Time;

--- <compute current values of bottom two Rows> -

Dc Matrix(Rov2,Coll) :=DcMatrix(Row2,Coll) + Dcm Incr(Row2,Coll);
4 DcMatrix(Row2,Col2) =DcMatrix(Row2,Col2) + DcmIncr(Row2,Col2);

DJMatrix(Row2,Col3) =DcMatrix(Row2,Col3) + Dcm_Incr(Row2,Col3);

Dc Matrix(Row3,Coll) :=Dc Matrix(iRow3,Col1) + DcmIncr(Rov3,Coll);
DcMatrix(Row3,Col2) :~DcMatrix(Row3,Col2) + DcmIncr(Row3,Col2);
DcMatrix(Rov3,Col3) :=DcMatrix(Row3,Col3) + Dcm7incr(Rov3,Col3);

end PerformRectangularIntegration OfDcm;
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separate (Direction -CosineMatrix_-Operations.Dcm GeneralOperations)
procedure ReorthonormalizeDcm

(DciiMatrix :in out Direction Cosine Matrix) is

---- declaration section

--------<objects for storing dot products>-

Rov2 Dot Row2 : Real;
Rov3_DotRow3 : Real;
Row2 Dot Row3 : Real;
HalfCRow72_Dot_Row3 : Sin CosRatio;

-- - -- - -- - -

-- begin procedure

J begin

Row2_Dot_Row2 :=Dcii Matrix(Row2,Coll) * Dcm Matrix(Row2,Coll) +
Dcm Matrix(Row2,Col2) * DcniFMatrix(Row2,Col2) +
DciiMatrix(Row2,Col3) * Dci Hatrix(Rov2,Col3);

Row3.DotRov3 Dem DcMatrix(Rov3,Coll) * Dcii Matrix(Rov3,Coll) +
DciiMatrix(Rov3,Col2) * DcmMatrix(Row3,Col2) +
DciiMatrix(Row3,Col3) * Dcii_Hatrix(Rov3,Col3);

---- calculate column values

Dcii Matrix(Row2,Coll) :=Dcii Matrix(Row2,Coll)*
(1.3 - Real(O.5) * Rov2_DotRow2);

DciiMatrix(Row3,Coll) :=Dcii Matrix(Row3,Coll)*
(1.5 - Real(O.5) * Rov3_DotRow3);

DciiMatrix(Row2,Col2) :=Dcii Matrix(Row2,Col2)*
(1.3 - Real(O.5) * Row2 Dot_Row2);

Dcii Matrix(Row3,Col2) :=Dcii Matrix(Row3,Col2)*
(1.3 - Real(O.5) * Row3 DotRow3);

* Dcii Matrlx(Row2,Col3) :=Dcii Matrix(Row2,Col3)*
(1.3 - Real(O.5) * Row2_Dot_Row2);

Dcii Matrix(Row3,Col3) :=Dcii Matrix(Row3,Col3)*
(1.35 Real(O.5) *Row3_Dot_Row3);

1- -- <compute Rows 2 thru 3 >

Row2_DotRow3 :=DciiMa*rix(Row2,Coll) *DciiMatrix(Row3,Coll) +
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Dcm Matrix(Row2,Col2) * Dcm Matrix(Row3,Col2) +
Dcm7Matrix(Row2,Col3) * Dcm-Matrix(Row3,Col3);

HalfRow2_DotRow3 :=0.5 * Row2_DotRow3;

DcmMatrix(Row2,Coll) Dcm Matrix(Row2,Coll)-
(HalfRow2_DotRow3 * DcmHatrix(Row3,Coll));

Dcm iMatrix(Ro4~3,Coll) :=Dcm Matrix(Row3,Coll) _ _ _ __

(HalfRow2_DotRow3 * DcmHatrix(Row2,Coll));

Dcmi Matrix(Row2,Col2) Dcm Matrix(Row2,Col2)-

__ (HalfRow2_DotRow3 * DcmMatrix(Row3,Col2));

Dcm iMatrix(Row3,Col2) :=Dcm Matrix(Rov3,Col2)-
(HalfRow2_DotRow3 * DcmHatrix(Row2,Col2));

DcmHatrix(Row2,C,.l3) :=Dcm Hatrix(Row2,Col3)-
(HalfRow2_DotRow3 * Dcm Matrix(Row3,Col3));

Dcm Matrix(Rov3,Col3) :=Dcmi Matrix(Row3,Col3)-
(HalfRo2_DotRow3 *Dcm Matrix(Row2,Col3));

end ReorthonormalizeDcm;

N."AOW NkN)I
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separate (Direction Cosine Matrix_Operations.DcmGeneralOperations)
function Frame Misalignment

TDcmMatrix : Direction Cosine Matrix;
RefDc Matrix : Direction-Cosine-Matrix)
return Notation AngleVec is -

--.. declaration section

- ----- <the rotation angle vector that is returned>-

RotAngle : RotationAngleVec;

-- begin function

begin

RotAngle(X) := Dcm Matrix(Rowl,Col2) * Ref Dc Matrix(Rowl,Col3) +
DcmMatrix(Row2,Col2) * Ref Dc Matrix(Row2,Col3) +
DcmMatrix(Row3,Col2) * Ref-De-Matrix(Row3,Col3);

RotAngle(Y) := DcmMatrix(Rowl,Col3) * Ref Dc Matrix(Rowl,Coll) +
DamMatrix(Row2,Col3) * RefDcMatrix(Row2,Coll) +
UcmMatrix(Row3,Col3).* Ref Dc.Matrix(Row3,Coll);

RotAngle(Z) := DcmMatrix(Rowl,Coll) * Ref Dc Matrix(Rowl,Col2) +
DcmMatrix(Row2,Coll) * Ref-Dc-Matrix(Row2,Col2) +
DcnMatrix(Row3,Coll) * RefDcMatrix(Row3,Col2);

return RotAngle;

end Frame Misalignment;

N
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separate (DirectionCosine MatrixOperations.DcmGeneralOperations)
function AlignedDcmIatrix

(Dcm Matrix :Direction Cosine Matrix;
RotationAngle : Rotation AngleVec)

return DirectionCosine Matrix is
- - - - - - - - - - - - - - - - - -

-- -- declaration section

---- --------<computed DCM to be returned>-

Dcm New : Direction CosineMatrix;

* -- begin function

begin

DcmNev(Row2,Coll) :=Dcm Matrix(Row2,Coll) + DcmMatrix(Row2,Col3)*
Rotation Angle(Y);

Dcm Nev(Row2,Col2) :=Dcm Matrix(Row2,Col2) -Dcm Matrix(Rov2,Col3)*
RotationAngle(X);

DcmNew(Row2,Col3) :=Dcm Matrix(Row2,Col3) -Dcm Matrix(Rov2,Coll)*
Rotation Angle(Y) +-
DcmMatrix(Row2,Col2) *RotationAngle(X);

DcmNew(Rov3,Coll) :=Dcm-Matrix(Rov3,Coll) + Dcm Hatrix(Rov3,Col3)*
RotationAngle(Y);-

Dcm_New(Rov3,Col2) :~Dcm Matrix(Rov3,Col2) -Dcm_Matrix(Row3,Col3)*

RotationAngle(X);

DcmNew(Row3,Col3) :=Dcm Matrix(Row3,Col3) -DcmMatrix(Row3,Coll)

Rotation Angle(Y) +Dc Mtrx(Rov3,Col2) *RotationAgle(X);

* <set first row equal to original matix>-
S<NOTE: The first row is now IN VALID data>-

Dcm_-New(Rowl,Coll) :=Dcm Matrix(Rowl,Coll);
DcmNew(Rovl,Col2) :=Dcn Matrix(Rovl,Col2);
Dcm_Nev(RowlCol3) :=Dcm7Matrix(Rowl,Col3);

.6 return DcmNew;

end AlignedDcmMatrix;
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separate (Direction -Cosine Matrix Operations.DcmGeneralOperations)
procedure Compute F~rst Ro- FromUrthonormal

(DcmMatrix - in out Direction CosineMatrix) is

begin

DcmMatrix(Rowl,Coll) Dcm Matrix(Row2,Col2) * Dcm Matrix(Row3,Col3)
-Dcm-Matrix(Row2,Col3) * Dcmatrix(Row3,Col2);

Dcm Matrix(Rowl,Col2) := Dcm Hatrix(Row2,Col3) * DcmMatrix(Row3,Coll)
-Dcm-Matrix(Row2,Coll) * DcmHMatrix(Row3,Col3);

Dcm Matrix(Rowl,Col3) := Dcm Matrix(Row2,Coll) * Dcm Matrix(Rov3,Col2)

-DcnFMatrix(Row2,Col2) * Dcni'Matrix(Row3,Coll);

end ComputeFirstRowromrthonormal

*I,

lot

NN
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separate (Direction CosineMatrixOperations.Dcm GeneralOperations)
function DcmFromQuaternion

(Quaternion : Quaternion Vectors)
return DirectionCosine Matrix is

- - - - - - - - - - - - - -

4 -- -- declaration section

---- -------<objects to hold the squares of quaemnions>-

QOSqr :Sin Cos Ratio;
01_Sqr : Sin Cos -Ratio;
Q2_Sqr :Sin Cos Ratio;
03_Sqr :SinCos_-Ratio;

--------<the DCM to be returned>-

Dcm :Direction Cosine Matrix;

-begin function

begin

---- ---------- <compute squares of quolernions >

00_Sqr :=Quaternion(QO) * Quaternion(QO);
Q1_Sqr := uaternion(01) * Ouaternion(Q1);
02_Sqr :=Quaternion(Q2) * Quaternion(02);
03_Sqr :=Quaternion(03) * Quaternion(Q3);

---- ----------<compute direction cosines>

) 'Dcm(Rowl,Coll) := 0_Sqr + Q1iSqr - Q2_-Sqr - 03_Sqr;
Dcm(Row2,Col2) :=00_Sqr - 01_Sqr + 02_Sqr - 03 Sqr;
Dcm(Row3,Col3) :=00Sqr - 01_Sqr - 02 Sqr + Q3Sqr;

Dcm(Rov2,Coll) := (Q(uaternion(QO) * Quaternion(Q3))
+(Quaternion(Q1) * Quaternion(Q2)))
*2.0;

Dcm(Row3,Coll) :=((Quaternion(Q1) * Ouaternion(Q3))
-(Quaternion(O0) * Ouaternion(Q2)))
*2.0;

Dcm(Rowl,Col2) :=((Qu~ternion(Q1) * Quaternion(Q2))
-(Quaternion(QO) * Quaternion(03)))
*2.0;

Dcm(Rov3,Col2) :=((Quaternion(0O) * Ouaternion(Q1))
4 +(Ouaternion(02) * Quaternion(Q3)))

*2.0;

Dcm(Rowl,Col3) :=((Quaternion(O0) * Ouaternion(02))
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+(Quaternion(Q1) *Quaternion(Q3)))

*2.0;

*Dcm(Row2,Col3) ((Quaternion(02) *Quaternion(Q3))

-(Quaternion(QO) *Quaternion(01)))
*2.0;

return Dcm;

end Dcm From (uaternion;

Z4-



CAMP Software Detailed Design Document Page 303

separate (Direction Cosine Matrix Operations)
package body CneOperations is

package DcmGen_Pkg renames
DirectionCosineMatrix Operations.DcmGeneralOperations;

_ _-
.... < instantiation of a units from "DCM General Operations" with CNE

specific parameters applied to the generics>

function InitializeFromRef is new
Dcm GenPkg.Dcm InitializedFrom Reference

(Row-Indices- => Earth Axes,
Col-Indices => NavigationAxes,
Sin-Cos Ratio => Sin Cos Ratio,Direction CosineMatrix => Cne7Matrices);

procedure Reorthonormalize is new
Dcm GenPkg.Reorthonormalize_Dcm

%Row Indices => Earth Axes,
Col Indices => Navigation Axes,
SinCos Ratio => Sin Cos Ratio,
DirectionCosineMatrix => Cne-Mat ices,
Real => Real);

procedure Compute First Row is nev
Dcm Gen Pkg.Compute First Row From Orthonormal

(Row"Indices -=> EarthAxes,
Col-Indices => Navigation Axes,
Sin-Cos Ratio .> Sin Cos Ratio,
Diricti3n.CosineMatrix => CneMatrices);

-- -- separate parts

function Cne Initialized From Earth Position
(Wander Angle : Angles;
Latitude : Earth Position;
Longitude : Earth-Position)
return Cne Matrices fs separate;

package body Cne integration is separate;

package body Alignment_Parts is separate;

package body CneFrom Quaternion is separate;

--..... routines acting as interfaces to instantiated routines

function Cne Initialized From Reference
TRef Cne 2 1- :-Sin Cos Ratio;
RefCne-2-2 : SinCos Ratio;
Ref-Cne-3-1 : Sin-CosRatio;

[if
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Ref Cne 3 2 : Sin Cos Ratio;
Sign Of 2 3 : INTEGER;
Sign-Of3-3 : INTEGER)

return Cne-Matrices is

begin
return InitializeFromRef

(Ref Dcm 2 -=> RefCne 2 1,
Ref-Dcm-2-2 => Ref-Cne_2_2,
Ref Dcm-3-1 => Ref Cne-3-1,
Ref-Dcm 3 2 => Ref Cne_3_2,
Sigj_0f-2-3 => Sign Of-2_3,
SignOf-3-3 => Sign Of 3 3);

end CneInitializedFromReference;

procedure ReorthonormalizeCne (Cne : in out CneMatrices) is
begin

Reorthonormalize (Cne);
end ReorthonormalizeCne;

procedure Compute First Row Of Cne From Orthonormal
(Cne : in out Cne-Matrices is

begin

Compute First Row (One);
end ComputeFirsERowOfCneFromOrthonormal;

end CneOperations;

:1W

-@



CAMP Software Detailed Design Document Page 305

separate (Direction Cosine Matrix Operations.CneOperations)
function Cne Initialized From EarTh Position

(Wander Angle : Angles;
Latitude : EarthPosition;
Longitude : EarthPosition)
return Cne Matrices is

-- -- declaration section

.....- <objects to hold the sine and cosine of latitude, longitude,
and wander angle>-

Sin Lat : Sin Cos Ratio;
Cos-Lat : Sin Cos Ratio;
Sin Long : SinCos-Ratio;
CosLong Sin-Cos-Ratio;
Sin Wa : Sin Cos Ratio;
Cos Wa : Sin CosRatio;

----- --- <the CNE to be returned>--

Cne : CneMatrices;

-- begin function

begin

--.. <compute sines and cosines >--

Sin Cos(Latitude, Sin Lat, Cos Lat);
Sin Cos(Longitude, SinLong, Cos-Long);
SinCos(WanderAngle, SinWa, CosWa);

--.. <compute CNE elements>-
Cne(Greenw,East) := -COs Wa * SinLong - Sin Wa * Sin Lat * Cos Long;
Cne(Right, East) := CosWa * Cos Long - SinWa * Sin-Lat * Sin-Long;

Cne(Polar, East) := SinWa * CosLat;

Cne(Greenw,North) := Sin Wa * Sin Long - Cos Wa * Sin Lat * Cos Long;
Cne(Right, North) := -SIn-Wa * CosLong - Cos Wa * Sin-Lat * Sin-Long;
Cne(Polar, North) := CosWa * CosLat;

Cne(Greenw,Up) := Cos Lat * CosLong;
Cne(Right, Up) := Cos-Lat * Sin-Long;
Cne(Polar, Up) := SinLat;

return Cne;

end CneInitializedFrom EarthPosition;

%Wo



CAMP Software Detailed Design Document Page 306

separate (Direction Cosine MatrixOperations.CneOperations)
package body Cne_Integration is

-- -- local instantiations

.. <instantiation of a units from "DCM General Operations" with CNE
specific parameters applied to the generics>--

package IntegrateTrap is new
Dcm Gen Pkg.Dcm Trapezoidal Integration

(Angu~arVelo-ities ;> AngularVelocities,
Time Intervals => Time Intervals,
Row _ndices => EartH Axes,
Col-Indices => NavigationAxes,
Sin-Cos Ratio => Sin Cos Ratio,
Direction Cosine Matrix => Cne-MatFices,
Initial X-Rho - => Initial East Rho,
Initial YRho => InitialNorthRho);

procedure Integrate Rect is new
Dcm Gen PKg.Perform Rectangular Integration Of Dcm

(AnguIar Velocities => Angular Velocities,
Time Intervals => Time Intervals,
Row Yndices => Eartli Axes,
Col-Indices => Navig-ation Axes,
Sin-Cos Ratio => Sin Cos RaTio,
DirectionCosine.Matrix => CneMatrices);

-- -- routines acting as interfaces to instantiated routines

S[Trapezoidal Integration]-- -

procedure PerformTrapezoidalIntegrationOf Cne
(Cne : in out Cne Matrices;
East Rho : in Angular Velocities;
NortH Rho : in Angular-Velocities;

begin Delta-Time : in TimeIntervals) is

IntegrateTrap.PerformTrapezoidal Integration OfDcm
(Cne, East Rho, NorthRHo, DeltaTime);

end PerformTrapezoidalIntegration_Of_Cne;

procedure Reinit Ang Vel For Trapez Integ Of Cne
(East Rho - :-in -Angular Velocities;
North Rho : in Angular Velocities) is

begin
IntegrateTrap.Reinitialize Angular Velocities

. (East Rho, North Rho);
end ReinitAngVel For TrapezInteg_Of_Cne;

- ---------Rectangular Integration] .-----

-q ;r' wr' '4 M
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procedure PerformRectangular_Integration Of Cne
(Cne : in out Cne Matrices;
East Rho : in Angular Velocities;
North Rho : in AngularVelocities;
DeltaTime : in TimeIntervals) is

begin
IntegrateRect (Cne, East Rho, North Rho, DeltaTime);

end PerformRectangularIntegration Of ne;

end CneIntegration;

4.1
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separate (Direction Cosine MatrixOperations.CneOperations)
package body Alignment_Parts is

-- -- local instantiatons

< instantiation of a unit from "DCM GeneralOperations" with CNE
-- specific parameters applied to the generics>---

function Computed Frame Misalignment is new
Dcm Gen Pkg.FrameMisalignment

(RowIndices => Earth Axes,
Col Indices => NavigationAxes,
Sin-Cos Ratio => Sin Cos Ratio,
Direction Cosine Matrix => Cne Matrices,
RotationIndices => Rotation Indices,
RotationdAngles => Rotation-Angles,
RotationAngle_Vec => Rotation AngleVec);

function Align Cne Matrix is new
DcmGenPkg.AlignedDcmMatrix

(Row Indices- => Earth Axes,
Col Indices => NavigationAxes,
Sin-Cos Ratio => Sin Cos Ratio,
Direction Cosine Matrix => Cne-Matrices,
Rotation Indices- => Rotation Indices,
Rotation-Angles => totationAngles,
Rotation-AngleVec => Rotation-AngleVec);

.. -- routines acting as interfaces to instantiated routines
--- -----------------------------------------------------------

-- - Framne Misalignment]-- -

function Frame MisalignmentOfCne
(Cne : CneMatrices;
Ref Dc Matrix : Cne Matrices)
return RotationAngle-Vec is

begin
return Computed Frame Misalignment (Cne, Ref Dc Matrix);

end FrameMisalignment_O_.Cne;

---------- [Align CNE Marix]--

function AlignedCne Matrix
(Cne : Cne Matrices;
Rotation Angle : RotationAngleVec)
return CneMatrices is

begin
return Align Cne Matrix (Cne, Rotation Angle);

end AlignedCne7MatFix;

end Alignment Parts;

v~c' w
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separate (Direction Cosine Matrix Operations.CneOperations)
package body Cne FromnQuaternion is

-- -. local instantiations

.... < instantiation of a unit from "DCM GeneralOperations" with CNE
specific parameters applied to the generics>--

function ComputedCne is nev
Dcm Gen Pkg.Dcm_FromQuaternion

(Row Indices => Earth Axes,
Col-Indices => Navigation Axes,
Sin-Cos Ratio => Sin Cos Ratio,
Direction Cosine Matrix => Cne-Mat-rices,
Quaternion Indices => QuaTernion Indices,
QuaternionVectors => Quaternion Vectors);

-- function bodies

-< the function to call the above function >-

function ComputeCne
(Quaternion : QuaternionVectors)
return CneMatrices is

begin
return Computed_One (Quaternion);

end ComputeCne;

end CneFrom Quaternion;

I
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3.3.3 KALMAN FILTER
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3.3.3.1 KALMAN FILTER COMMON PARTS (BODY) TLCSC 651 (CATALOG #P163-0)

This part, which is designed as an Ada package, contains specifications for all
CAMP parts which can be used to implement a Kalman Filter regardless of the
type of H matrix used.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.1.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this

Tlcsc:

I Name I Requirements Allocation I

I State TransitionAndProcessNoiseMatrices I R145
I Manager
I Error Covariance Matrix Manager I R146
I StateTransition Matrix_Manger I R148

3.3.3.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.3 INPUT/OUTPUT

None.

3.3.3.1.4 LOCAL DATA

None.

3.3.3.1.5 PROCESS CONTROL

Not applicable.

3.3.3.1.6 PROCESSING

The following describes the processing performed by this part:

package body Kalman_FilterCommonParts is

package body StateTransitionAndProcessNoise Matrices Manager is separate;

~ package body Error CovarianceMatrix Manager is separate;

package body State TransitionMatrixManager is separate;

XIM NJ
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end KalmanFilterCommonParts;

3.3.3.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.1.8 LIMITATIONS

None.

3.3.3.1.9 LLCSC DESIGN

3.3.3.1.9.1 STATE TRANSITION AND PROCESS NOISE MATRICES MANAGER PACKAGE DESIGN
(CATALOG 1P164-0)

This LLCSC is a generic package which manages the State Transition (Phi) and
Process Noise (Q) matrices. It consists of an Initialize procedure, a
Propagation function, and functions which return the stored value of each of
the two matrices.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.1.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R145.

3.3.3.1.9.1.2 LOCAL ENTITIES DESIGN

None.

*1

3.3.3.1.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part:

I Name I Base Type I Description I

Time Intervals floating point Type for the delta time variable
.Phi JRatrices private Data type of N x N Phi Matrix I
IntegratedF private Data type of N x N Matrix for I
Matrices F integration :1

Integrated 0 private Data type of N x N Matrix for I
Matrices I I Q integration I

Q_Matrices private Data type of N x N O Matrix I---- --- --- ---- --- --- ---- --- --- ---- --- --- ---- --- --- ---- --- ---
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Subprograms:

The following table summarizes the geneiic formal subroutines required by this
part:

I Name I Type I Description I

IAdd To Identity Iprocedure JAdds the identity matrix to a
IIntegrated_F_Matrices

ISet To Identity_ Ifunction ISets a Phi Matrices type matrix to
Matrix I Ithe identity matrix

I II
ISet To Zero Matrixlfunction ISets a 0 Matrices type matrix to the

II Izer matrix

IABATranspose Ifunction IMultiplies a Integrated F Matrices
Itype matrix by the transpose of a1O Matrices type matrix yielding a

1QMatrices type matrix
I

*" Ifunction IMultiplies a Integrated F Matrix by
Ia Time Interval yielding a Integratedl
10 Matrix

"* . function IMultiplies a Integrated F Matrix by al

I Phi Matrix yielding a Phi Matrix
I I

"+ Ifunction Adds a Integrated F Matrix to a a
IMarix yielding a Q Matrix

3.3.3.1.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name Type I Value I Description

IPropPhi IStatically I variablel The propagated state transition I
I ISparse -I I matrix I
I IMatrices I I I
I I I I I
IProp_Q ISymmetric I variablel The.propagated process noise I
I IMatrices I I matrix I

3.3.3.1.9.1.5 PROCESS CONTROL

S Not applicable.
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3.3.3.1.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Kalman Filter Common Parts)
package body StateTransition_AndProcess Noise MatricesManager is

Prop Phi : Phi Matrices;
PropQ : 0_Matrices;

end State Transition And Process Noise Matrices Manager;

3.3.3.1.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.1.9.1.8 LIMITATIONS

None.

3.3.3.1.9.1.9 LLCSC DESIGN

None.

3.3.3.1.9.1.10 UNIT DESIGN~

3.3.3.1.9.1.10.1 INITIALIZE UNIT DESIGN

This unit initializes the Propagated Phi matrix to the identity, and the
Propagated Q matrix to the zero matrix.

3.3.3.1.9.1.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R145

3.3.3.1.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.1.10.1.3 INPUT/OUTPUT

None.

3.3.3.1.9.1.10.1.4 LOCAL DATA

None.
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3.3.3.1.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Initialize is

begin

SetToIdentity_Matrix (Source => Prop_Phi);

Set To Zero Matrix (Source => Prop Q);

end Initialize;

3.3.3.1.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Q Data types:

The following table summarizes the types required by this part and defined in
the parent component:

I Name I Base Type j Description I

IPhi Matrices Iprivate IData type of matrix used to I
I - I Irepresent Phi matrices I
II I I
10_Matrices Iprivate JData type of matrix used to I
I I Irepresent 0 matrices I
I I i I

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

N k
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Name I Type I Value I Description

IProp_Phi IPhi I variablel The propagated state transition

I IMatrices I I matrix

IProp Q IQ Matrices I variablel The propagated process noise
I I I matrix

3.3.3.1.9.1.10.1.8 LIMITATIONS

None.

3.3.3.1.9.1.10.2 PROPAGATE UNIT DESIGN

This unit propagates new Propagated Phi and Propagated 0 matrices given a new
Integratcd System Description Matrix and Time Interval

3.3.3.1.9.1.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R145.

3.3.3.1.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.1.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

I Name I Type I Mode I Description I

Integrated_F lIntegrated [in ICurrent value for the I
IF Matrices iSystem Description matrix I
I I already integrated across

I Itime I
S I I I

NO lIntegrated_ in ICurrent process noise matrixi
10_Matrices I I I

II -I II
IDT ITime lin ITime since the last I
I IIntervals I 1propagation
-- - - - - - -- - - - - - -- - - -_-- -- - - - - - -- - - - - - -
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3.3.3.1.9.1.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

l Name l Type Value l Description l

IPhi llntegrated I variablel Computed process noise matrix A

IF_Matrices-I I matrix l
I I II

3.3.3.1.9.1.10.2.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.1.10.2.6 PROCESSING

The following describes the processing performed by this part:

procedure Propagate (Integrated F : in Integrated F Matrices;
Q : in Integrated-Q-Matrices;
DT : in TimeIntervals) is

Phi : IntegratedF Matrices;

begin

-- Propagate Phi

Phi := AddToIdentity (Source Matrix => Integrated_F);

PropPhi := Phi * Prop_Phi;

-- Propagate Q

Prop_0 := 0 * DT + ABA Transpose( Phi, Propf)

end Propagate;

, 3.3.3.1.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:
Data types:

elsewhere~~~~~~ inteprn o ee opNen:
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The following table summarizes the generic formal types required by this part:

I Name I Base Type I Description

ITime Intervals Ifloating IType for the delta time variable
I I point type I
I I I
IPhi Matrices Iprivate IData type of N x N Phi Matrix I

II II
lIntegrated_F Iprivate IData type of N x N Matrix for .
IMatrices I IF integration

I I I A
Integrated 0 Iprivate IData type of N x N Matrix for
IMatrices I 1Q integration

*I I II
1QMatrices Iprivate IData type of N x N Q Matrix

IU

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

I Name I Type Value I Description I

IPropPhi IPhi I variable The propagated state transition I
I IMatrices I I matrix I
I I I I I
IProp_Q 10 Matrices I variablel The propagated process noise I
I I i I matrix I ]

3.3.3.1.9.1.10.2.8 LIMITATIONS

None.

3.3.3.1.9.1.10.3 GET CURRENT UNIT DESIGN

This unit returns the current value of the Propagated Phi and Propagated Q
matrices.

3.3.3.1.9.1.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R145.

3.3.3.1.9.1.10.3.2 LOCAL ENTITIES DESIGN
None.

S% %
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3.3.3.1.9.1.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

I Name I Type I Mode I Description

IPropagatedPhi IPhiMatriceslout IStored Propagated State I
I I I ITransition matrix
I I I I
iPropagated 0 IQ_Matrices lout IStored Propagated Process
I I I INoise Matrix

3.3.3.1.9.1.10.3.4 LOCAL DATA

None.

3.3.3.1.9.1.10.3.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.1.10.3.6 PROCESSING

The following describes the processing performed by this part:

procedure Get Current (Propagated Phi : out Phi Matrices;
PropagatedQ : out 0_Matrices ) is

begin

PropagatedPhi := PropPhi;

Propagated_Q := PropQ;

end GetCurrent;

3.3.3.1.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:

S,, V ., w
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I Name J Base Type I Description

IPhiMatrices Iprivate IData type of N x N Phi Matrix II I I I
IQMatrices Iprivate IData type of N x N Q Matrix I
I I I I

AData objects:

The following table summarizes the objects required by this part and defined in
, the parent component:

I Name I Type I Value I Description I

I Phi IPhi I variablel The propagated state transition
I IMatrices I I matrixI I I I

IProp_Q 10_Matrices I variable The propagated process noise
I I I matrix

3.3.3.1.9.1.10.3.8 LIMITATIONS

None.

3.3.3.1.9.1.10.4 PROPAGATED PHI UNIT DESIGN

This unit returns the current value of the Propagated Phi matrix

,1 3.3.3.1.9.1.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R145.

3.3.3.1.9.1.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.1.10.4.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

I Name I Type I Mode I Description I

I<returned value> IPhi Matriceslout IStored Propagated State I
I I I ITransition matrix I
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3.3.3.1.9.1.10.4.4 LOCAL DATA

None.

3.3.3.1.9.1.10.4.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.1.10.4.6 PROCESSING

The following describes the processing performed by this part:

function PropagatedPhi return PhiMatrices is

begin

return PropPhi;

end PropagatedPhi;

3.3.3.1.9.1.10.4.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:

Name I Base Type I Description I

IPhiMatrices Iprivate IData type for N x N phi matrix I

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

I Name I Type I Value I Description I

IPropPhi IPhi I variablel The propagated state transition
- IMatrices I I matrix

0.-| .. .. -
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I ~ ~3.3.3.1.9.1.10.4.8 LIMITATIONS q"

None.

3.3.3.1.9.2 ERRORCOVARIANCEMATRIXMANAGER PACKAGE DESIGN (CATALOG #P165-0)

This LLCSC is a generic package which manages the Error Covariance Matrix; it
consists of an Initialize procedure, a Propagation procedure, and a P function,
which returns the current Error Covariance matrix value

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.1.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R146.

3.3.3.1.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part:

I Name Base Type I Description

IPhiMatrices Iprivate IData type of N x N Phi matrixI I I I
IPAnd 0 Matrices Iprivate IData type of N x N P and 0 matrixi
I -- I I I

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

I Name I Type I Description I

IABATranspose Ifunction IMultiplies a Phi matrix by the I
SIi by the transpose of a P and Q matrix I
I I lyielding a P and Q matrix I

Ifunction IAdds two P and Q matrices yielding I
I I Ia P and Q matrix I
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% 3.3.3.1.9.2.4 LOCAL DATA

The following table describes the data objects maintained by this part:

* Name I Type I Value I Description

IStoredP IP And 0 1 variablel The propagated error covariance I
IMatrices I I matrix which is stored by part I

3.3.3.1.9.2.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.2.6 PROCESSING

The fThe following describes the processing performed by this part:

o" separate (KalmanFilterCommonParts)

package body Error Covariance Matrix Manager is

StoredP : P And_QMatrices;

end ErrorCovarianceMatrixManager;

3.3.3.1.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.i.9.2.8 LIMITATIONS

None.

3.3.3.1.9.2.9 LLCSC DESIGN

None.

3.3.3.1.9.2.10 UNIT DESIGN

3.3.3.1.9.2.10.1 INITIALIZE UNIT DESIGN

This unit initializes the Error Covariance matrix to the matrix sent in.

3.3.3.1.9.2.10.1.1 REQUIREMENTS ALLOCATION

*This part meets CAMP requirement R146

O.!
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3.3.3.1.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.2.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

I Name j Type I Mode I Description

lInitialP IP And Q tin IThis is the value to which I
I IMatrices I Ithe Error Covariance Matrix I
I I I Iwill be initialized I

3.3.3.1.9.2.10.1.4 LOCAL DATA

None.

3.3.3.1.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Initialize (InitialP : in PAnd_Q_Matrices) is

begin

StoredP := InitialP;

end Initialize;

3.3.3.1.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this.part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:
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I Name I Base Type I Description I

IP_And_QMatrices Iprivate IData type of N x N P and 0 matrix

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

I Name I Type I Value I Description

IStoredP IP And 0 I variablel The propagated error covariance IIaicc. =^ m.trix which is stored by part

3.3.3.1.9.2.10.1.8 LIMITATIONS

None.

3.3.3.1.9.2.10.2 PROPAGATE UNIT DESIGN

This unit propagates the Error Covariance Matrix given the Propagated Phi and
Propagated Q matrices

3.3.3.1.9.2.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R146.

3.3.3.1.9.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.2.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

Name I Type I Mode I Description I

IPropagatedPhi IPhi Matriceslin ICurrent value for the
I JPropagated State Transition
I IMatrix I

, IPropagated_0 IP And Q in ICurrent value for the I
I IMatrices I Propagated Process Noise I
II I Matrix

-------------------- ---- --- --- ---- --- --- ---- --- --- --1
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3.3.3.1.9.2.10.2.4 LOCAL DATA

None.

3.3.3.1.9.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.2.10.2.6 PROCESSING

The following describes the processing performed by this part:

procedure Propagate (PropagatedPhi : in Phi Matrices;
PropagatedQ : in PAndQMatrices) is

begin

Stored P := ABATranspose( PropagatedPhi, StoredP ) + Propagated_Q;

end Propagate;

3.3.3.1.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:

I Name I Base Type I Description I

IPhi Matrices Iprivate JData type of n x n Phi matrixIPnd _I I I

And_0_Matrices Iprivate IData type of n x n P and 0 matrix

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

I Name I Type I Value I Description I

IStoredP IP And 0 1 varlablel*The propagated error covariance I
I IMatrices I I matrix which is stored by part

0--
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3.3.3.1.9.2.10.2.8 LIMITATIONS

None.

3.3.3.1.9.2.10.3 P UNIT DESIGN

This unit returns the current value of the P matrix

3.3.3.1.9.2.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R146.

3.3.3.1.9.2.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.2.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

Name I Type I Mode I Description I

.<returned value> IPAnd 0 lout IStored Propagated Error I
I IMtrice-s I ICovariance matrix I

3.3.3.1.9.2.10.3.4 LOCAL DATA

None.

3.3.3.1.9.2.10.3.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.2.10.3.6 PROCESSING

The following describes the processing performed by this part:

function P return PAnd_0_Matrices is

begin

return StoredP;

@end P;

% % f it R O~ S
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3.3.3.1.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:

I Name I Base Type I Description

IP_and_Q_Matrices Iprivate IData type of n x n P and 0 matrix i

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

Name Type j Value I Description

IStored P IP and 0 I variablel The current propagated error I
I -M trices I I covariance matrix I

3.3.3.1.9.2.10.3.8 LIMITATIONS

None.

3.3.3.1.9.3 STATETRANSITIONMATRIXMANAGER PACKAGE DESIGN (CATALOG #P166-0)

This LLCSC is a generic package which manages the State Transition Matrix,
commonly known as the Phi matrix. It consists of an Initialization procedure,
a Propagation function, and a function which returns the stored Propagated_Phi
value.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.1.9.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R148.

3.3.3.1.9.3.2 LOCAL ENTITIES DESIGN

None.

01'
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3.3.3,1.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following *able summarizes the generic formal types required by this part:

I Name Base Type I Description

lIntegrated_F iprivate IData type for n x n F integration!
IMatrices - Imatrix I

I I I
IPhi Matrices Iprivate IData type for n x n Phi matrix I

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

I Name I Type I Description I

ISetToIdentity_ Ifunction ISets a Phi matrix to the Identity I
1It* I

Ifunction IMultiplies an Integrated F matrix by I
I I IPhi matrix yielding a Phi matrix I

3.3.3.1.9.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

IProp_Phi IPhi I variablel The propagated state transition I
IMatrices I I matrix I

3.3.3.1.9.3.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.3.6 PROCESSING

e The following describes the processing performed by this part:

separate (Kalman-FilterCommonParts)
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package body StateTransitionMatrixManager is

Prop_Phi : PhiMatrices;

end State Transition Matrix Manager;
1

3.3.3.1.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.1.9.3.8 LIMITATIONS

None.

3.3.3.1.9.3.9 LLCSC DESIGN

None.

3.3.3.1.9.3.10 UNIT DESIGN

3.3.3.1.9.3.10.1 INITIALIZE UNIT DESIGN i
This unit initializes the Propagated Phi matrix to the identity.

3.3.3.1.9.3.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R148

3.3.3.1.9.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.3.10.1.3 INPUT/OUTPUT

None.

3.3.3.1.9.3.10.1.4 LOCAL DATA

None.

3.3.3.1.9.3.10.1.5 PROCESS CONTROL

Not applicable.

I

&,t:I
-.. 0,1



MI

CAMP Software Detailed Design Document Page 333

3.3.3.1.9.3.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Initialize is

begin

SetToIdentityMatrix (Matrix => Prop_Phi);

end Initialize;

3.3.3.1.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the data types defined by the parent component:

iName I Base Type I Description -

I IPhiMatrices Iprivate IData type for n x n Phi matrix I

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

I Name I Type I Value I Description I

IPropPhi lIntegrated I variablel The propagated state transition
I IFMatrix -I I matrix

3.3.3.1.9.3.10.1.8 LIMITATIONS

None.

.... 3.1.2 2!OPAGATE ...T DESIGN

This unit propagates a new Propagated Phi matrix.

I
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3.3.3.1.9.3.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R148.

3.3.3.1.9.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.3.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

I Name I Type I Mode I Description

IPhi llntegrated lin ICurrent value for the
I IF Matrices I IState Transition Matrix j

3.3.3.1.9.3.10.2.4 LOCAL DATA

None.

3.3.3.1.9.3.10.2.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.3.10.2.6 PROCESSING

The following describes the processing performed by this part:

procedure Propagate (IntegratedF : in Integrated_F_Matrices) is

begin

Prop_Phi := IntegratedF * Prop_Phi;

end Propagate;

3.3.3.1.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

"4 .
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The following table summarizes the types required by this part and defined in
the parent component:

I Name I Base Type I Description

lIntegrated F Iprivate IData type for N by N matrix for I
I Matrices I IF IntegrationII I I
IPhiMatrices Iprivate IData Type for N by N Phi matrix I
I I I I

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

Name I Type I Value I Description I

IPropPhi llntegrated I variablel The propagated state transition I
I IFMatrices-1 I matrix I

3.3,3.1.9.3.10.2.8 LIMITATIONS

None.

3.3.3.1.9.3.10.3 PROPAGATED PHI UNIT DESIGN

This unit returns the current value of the Propagated Phi matrix

3.3.3.1.9.3.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R148.

3.3.3.1.9.3.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.3.1.9.3.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this unit's formal parameters:

k- 
r
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Name j Type I Mode I Description I
I<returned value> IPhiMatriceslout IStored Propagated State I
I I I ITransition matrix I

3.3.3.1.9.3.10.3.4 LOCAL DATA

None.

3.3.3.1.9.3.10.3.5 PROCESS CONTROL

Not applicable.

3.3.3.1.9.3.10.3.6 PROCESSING

The following describes the processing performed by this part:

function Propagated Phi return Phi Matrices is

begin

return Prop_Phi;

end Propagated-Phi; I

3.3.3.1.9.3.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Data types:

The following table summarizes the types required by this part and defined in
the parent component:

Name I Base Type I Description

IPhiMatrices Iprivate IData type for n x n Phi matrix I

Data objects:

The following table summarizes the objects required by this part and defined in
the parent component:

'S@
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I Name j Type I Value I Description

IPropPhi IPhi I variablel The propagated state transition
I IMatrices I I matrix

3.3.3.1.9.3.10.3.8 LIMITATIONS

None.

3.3.3.1.10 U1IT DESIGN

None.

0J
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package body KalmanFilterCommonParts is

package body State TransitionAndProcess Noise MatricesManager is separate;

package body Error CovarianceMatrixManager is separate;

package body StateTransitionMatrixManager is separate;

end Kalman FilterCommonParts;

X4N

0>



CAMP Software Detailed Design Document Page 340

separate (Kalman Filter Common Parts)
package body StateTransitionlnd Process Noise MatricesManager is

Prop Phi : Phi Matrices;
PropQ : 0_Matrices;

pragma PAGE;
procedure Initialize is

begin

Set To IdentityMatrix (Source => Prop Phi);

SetToZeroMatrix (Source => Prop_Q);

end Initialize;

pragma PAGE;
procedure Propagate (IntegratedF : in Integrated_FMatrices;

0 : in Integrated_0_Matrices;
Dt : in TimeIntervals) is

Phi : Integrated_FMatrices;

begin

-- Propagate Phi

Phi := AddToIdentity (SourceMatrix => IntegratedF);

PropPhi := Phi * Prop-Phi;

.. .. Propagate Q

PropQ := Q * Dt + AbaTranspose( Phi, Prop_0 )

end Propagate;

pragma PAGE;
procedure GetCurrent (Propagated Phi : out Phi Matrices;

PropagatedO : out Q_Matrices ) is

begin

Propagated-Phi := Prop_Phi;

Propagated := Prop_0;

end GetCurrent;

pragma PAGE;
function PropagatedPhi return PhiMatrices is

begin
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return Prop-Phi;

end PropagatedPhi;

end StateTransitionAndProcess Noise MatricesManager;

IL~d]
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I separate (KalmanFilterCommonParts)

package body ErrorCovarianceMatrixManager is

Stored P : P And Q Matrices;

pragma PAGE;
procedure Initialize (Initial P in PAnd_Q_Matrices) is

begin

StoredP := InitialP;

end Initialize;

pragma PAGE;
procedure Propagate (PropagatedPhi : in Phi Matrices;

Propagated_Q : in PAnd_0_Matrices) is

begin

-. StoredP := AbaTranspose( PropagatedPhi, StoredP ) + PropagatedQ;

end Propagate;

pragma PAGE;
function P return PAnd_Q_Matrices is

begin

return StoredP;

end P;

end ErrorCovarianceMatrixManager;

%5
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separate (KalmanFilterCommonParts)

package body StateTransition MatrixManager is

PropPhi PhiMatrices;

pragma PAGE;
procedure Initialize is

begin

Set To Identity_Matrix (Matrix => PropPhi);

end Initialize;

pragma PAGE;
procedure Propagate (IntegratedF : in Integrated_F_Matrices) is

begin

Prop_Phi := IntegratedF * PropPhi;

end Propagate;

pragma PAGE;
function Propagated-Phi return PhiMatrices is

Ibegin

return PropPhi;

end PropagatedPhi;

end StateTransitionMatrixManager;

V
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3.3.3.2 KALMAN FILTER COMPACT H PARTS (BODY) TLCSC (CATALOG #P137-O)

This part, which is designed as an Ada package, contains bodies for all CAMP
parts which can be used to implement a Kalman Filter when a compact Measurement
Sensitivity Matrix (Compact H Matrix) is used

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.2.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this

Tlcsc:

Name Requirements Allocation
---------------------------------- ------------------------- I
Kalman Update R147
ICompute Kalman Gain R149
Update Error Covariance Matrix R150
Update-State-Vector - R151
jSequentially Update CovarianceMatrixand_ I R152

StateVector

3.3.3.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.3 INPUT/OUTPUT

None.

3.3.3.2.4 LOCAL DATA

None.

3.3.3.2.5 PROCESS CONTROL

Not applicable.

1 3.3.3.2.6 PR0 "ESSING

The following describes the processing performed by this part:

package body KalmanFilter CompactHParts is

R' function ComputeKalmanGain
(P : PMatrices;
MeasurementNumber : MeasurementIndices;

6'1
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Compact H : Compact_HMatrices;
Measurement Variance : MeasurementVariance-Vectors)

return KColumnVectors is separate;

procedure UpdateErrorCovariance Matrix
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
Compact_H : in CompactH_Matrices)

is separate;

procedure Update_StateVector
(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in Measurement Indices;
CompactH : in Compact_H_Matrices)

is separate;

package body SequentiallyUpdate_CovarianceMatrix and State Vector
is separate;

package body Kalman_Update is separate;

procedure Update_ErrorCovariance MatrixGeneralForm
(P : in out P Matrices;
MeasurementNumber : in Measurement Indices;
K : in K Column Vectors;
CompactH : in Compact_H Matrices;
Measurement Variance : in Measurement Variance Vectors)

is separate;

end KalmanFilterCompact_H_Parts;

3.3.3.2.7 UTILIZATION OF OTHER ELEMENTS

fNone.

3.3.3.2.8 LIMITATIONS

None.

3.3.3.2.9 LLCSC DESIGN

3.3.3.2.9.1 SEQUENTIALLY UPDATE COVARIANCE MATRIX AND STATE VECTOR PACKAGE DESIGN
(CATALOG #P141-O)

This T.LCSC is a generic package wh;ch contains one procedure, "Update", which
updates the Covariance Matrix, P, and state Vector, X.

The ecomposition for this part is the same as that shown in the Top-Level
Design Document.

.,
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3.3.3.2.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R152.

3.3.3.2.9.1.2 LOCAL ENTITIES DESIGN

Packages:

As described above, this package body instantiates Part R149, Compute Kalman
Gain, part R150, Update Error Covariance Matrix, and part R151, Update State
Vector

3.3.3.2.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

Name I Base Type I Description
---------------- I ---------- I --------------------------- I

0 IState Indices Idiscrete lIndex to the arrays which depend
- on the number of states

IMeasurementIndices discrete Index to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements making up the
Elements I point type IKalman Filter aggregates

II I
IP Matrices Iprivate IData type of P matrix

I -I I
IMeasurement Ivector IVector indexed by Measurement
Variance Vectors I lIndices containing Kalman Filter

- Elements -

IMeasurementVectorp!vector IVector indexed by Measurement
SlIndices containing Kalman FilterI

I I lElements I
I I II
IP Row Vectors [vector IVector indexed by State Indices I

S - Icontaining KalmanFilterElementsl
I I I

IK Column-Vectors Ivector IVector indexed by State Indices I
- - containing KalmanFilter Elementsl

IState Vectors Ivector IVector indexed by State Indices
I Icontaining Kalman F1lter Elementsl

o pcIaI I I
l CompactHMatrices Ivector IData type of Compact H matrix I
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Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

---------------------------- ------------------------------------
Name Type Description

lElement Ifunction lExtracts an element of a P Mat~y' I

IRow Ifunction lExtracts a row of a P matrix

"*" function JA K Column Vector is multiplied
I Iby the transpose of a P Row vector,

yielding a P matrix I
I I II

"-" Ifunction ITwo P matrices are added, yielding a
I ISymmetric matrix

"+ Ifunction jAdd a state vector and a K column
II Ivector, yielding a state vectorI]

*u Ifunction IMultiply a K column vector by a Kal- I
I Iman Filter Element, yielding a K
I Icolumn vector

a3.3.3.2.9.1.4 LOCAL DATA

None.

3.3.3.2.9.1.5 PROCESS CONTROL
Not applicable.

3.3.3.2.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Kalman Filter Compact H Parts)
package body Sequentially_Update..Covariance Matrix andStateVector is

K : KColumn-Vectors;

function Compute K is new ComputeKalman Gain

(State Indices => State Indices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter_Elements,
PMatrices => PMatrices,
MeasurementVar-ince Vectors-

=> Measurement VarianceVectors,
K Column Vectors => K Column Vectors,
Compact_H_Matrices => Compact_H_Matrices);
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procedure Update P is new UpdateError Covariance Matrix
(State Indices => StateIndices,
Measurement Indices => Measurement Indices,
KalmanFilterElements => KalmanFilter_Elements,
P Matrices => P Matrices,
P-Row Vectors => P Row Vectors,
KColumn Vectors => K-Column Vectors,
Compact_H_Matrices => CompactHMatrices);

procedure Update X is new UpdateStateVector
(Sta7te Indices => State Indices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman FilterElements,
Measurement Vectors => Measurement Vectors,
K Column Vectors => K Column Vectors,
S-tate Vectors => State Vectors,
Compact H Matrices => Compact_H_Matrices);

end Sequentially_UpdateCovarianceMatrixandStateVector;

3.3.3.2.9.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined

elsewhere in the parent top level component:

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

I Name Type Source I Description
---------I--------- ---------------------------
IComputeKalman_ Igeneric IKalman IComputes the Kalman Gain Vector,
IGain Ifunction IFilter- K
I ICommon- I I
II I I
jUpdate State- Igeneric IKaiman IUpdates the State Vector, X
IVector- - procedure iFilter- I
I I ICommon I
I I I II
IUpdate Error 1generic IKalman_ jUpdates the Error Covariance
ICovariance Matrixlprocedure IFilter- IMatrix, P
I I Common- I

3.3.3.2.9.1.8 LIMITATIONS
i None.
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3.3.3.2.9.1.9 LLCSC DESIGN

None.

3.3.3.2.9.1.10 UNIT DESIGN

3.3.3.2.9.1.10.1 UPDATE UNIT DESIGN

This unit is a procedure which does the update of the Covariance Matrix, P, and
the StateVector, X.

3.3.3.2.9.1.10.1.1 REQUIREMENTS ALLOCATION

This parts meets CAMP Requirement R152.

3.3.3.2.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.9.1.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Type I Mode I Description I
---------------------------------------------- I
P IP_Matrices lin/outlError Covarlance Matrix (P) I

I Ito be updated
II I I
IX IStateVectors lin/outiState Vector (X), to be updatdI

II I II
IZ IMeasurement lin ICurrent Measurement Vcc-tnr(Z)I
I I Vectors I I
I I I II
ICompact H ICompact H in ICurrent Measurement Sensitiv-

I IMatrice - lity Array (Compact H) I

IMeasurement_ IMeasurement. in ICurrent Measurement Variance I
IVariance IVariance Vectors I lArray

3.3.3.2.9.1.10.1.4 LOCAL DATA

None.

4Q
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3.3.3.2.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.2.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Update
(P : in out P Matrices;
X : in out STate Vectors;
Z : in Measurement Vectors;
Compact H : in CompactH_Matrices;
Measurement-Variance : in Measurement VarianceVectors) is

begin

for MeasurementNumber in MeasurementIndices loop

K := ComputeK (P => P,
Measurement Number => MeasurementNumber,
CompactH => CompactH,
Measurement-Variance => Measurement-Variance);

Update P (P => P,
Measurement Number => Measurement Number,
K => K,
,CompactH => CompactH);

UpdateX (X => X,
Z => Z,
K => K,
Measurement Number => Measurement Number,
CompactH => Compact_H);

end loop;

end Update;

3.3.3.2.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
6'j elsewhere in the parent top level component:

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

6.1
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Name Type Source I DescriptionI

----------------- ----------------------------------------- I
IComputeKalman- Igeneric Iparent IComputes the Kalman Gain Vector,
IGain Ifunction I K
II I II
IUpdateState_ Igeneric Iparent IUpdates the State Vector, X I
IVector Iprocedure I I I

III II
IUpdate Error Igeneric Iparent IUpdates the Error Covariance I
JICovariance _atrix iprocedure I IMatrix, P

Data types:

The following table summarizes the types required by this part and defined
elsewhere in the parent top level component:

I Name I Base Type I Description
I ------------------ I ---------- I--------------------------- I
lMeasurementIndicesldiscrete lIndex to the arrays which depend

I on the number of measurements I

IP Matrices Iprivate IData type of P matrix I
I

IMeasurement Ivector IVector indexed by Measurement I
I Variance Victors lIndices containing Kalman FilterI

- I lElements

IMeasurement Vectors ivector IVector indexed by Measurement
I I lIndices containing KalmanFilter

Elements

IState Vectors Ivector IVector indexed by State Indices
- containing KalmanFilterElementsl

JCompact_H_Matrices Ivector IData type of Compact H matrix I

Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Value I Description I
I I ------- I------I ---------------------- I

1K IK Column Ivariable IStores the value of the Kalman I
I Jv ectors - I IGain Vector (K) I

t w
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3.3.3.2.9.1.10.1.8 LIMITATIONS

None.

3.3.3.2.9.2 KALMAN UPDATE (BODY) PACKAGE DESIGN (CATALOG #P142-0)

This LLCSC is a generic package body which contains 1 procedure, "Update" which
updates the State Vector, X, given the old X vector, the Z vector, the K
vector, the Measurement Number, and the Compact H array.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.2.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R147.

3.3.3.2.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.9.2.3 INPUT/OUTPUT

U GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

@I
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Name Base Type Description
--------------------------------------------------------

IStateIndices Idiscrete jIndex to the arrays which depend
on the number of states

IMeasurementIndicesidiscrete lIndex to the arrays which depend
on the number of measurements

jKalman Filter Ifloating jElements making up the
IElements I point type IKalman Filter aggregates

II II
IPhiMatrices Iprivate IData type of Phi matrix

IPAndQMatrices Iprivate IData type of a P and 0 matrix
III
IMeasurement Ivector IVector indexed by Measurement
I VarianceVectors lIndices containing KalmanFilter_

IElements

iMeasurement Vectorsivector IVector indexed by Measurement
I I lIndices containing KalmanFilterI
I I lElements I
I III
IPRowVectors Ivector Vector indexed by State Indices

Icontaining KalmanFilterElementsi
I I

1K Column Vectors Ivector Vector indexed by State Indices
I I Icontaining KalmanFilte-rElementsI

IState Vectors Ivector IVector indexed by State Indices
-Icontaining KalmanFilteFElementsl

I I
ICompact_H_Matrices Ivector IData type of Compact H matrix I

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

0R
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Name Type Description

--------- -------- -------------------------------------I
jElement Ifunction lExtracts an element of a P and 0

I Matrix

IRow Ifunction lExtracts a row of a P and Q matrix

II I
IPhi P Phi Ifunction IPerforms an ABA transpose on a Phi
I Transpose I IMatrix and a P and Q Matrix

I Ifunction IA K Column Vector is multiplied
I I by the transpose of a P Row vector,
I I yielding a P and Q matrix

I"-" Ifunction ITwo P and Q matrices are added,
Iyielding a P and Q matrix

I Ifunction lAdd a state vector and a K column
Ivector, yielding a state vector

i I II
I Ifunction IMultiply a K column vector by a Kal-I I Iman Filter Element, yielding a K

I I Icolumn vector

3.3.3.2.9.2.4 LOCAL DATA

None.

3.3.3.2.9.2.5 PROCESS CONTROL

Not applicable.

3.3.3.2.9.2.6 PROCESSING

The following describes the processing performed by this part:

with Kalman Filter CommonParts;
separate (Kalman Filter Compact H Parts)
package body KalmanUpdate is

package PManager is new
Kalman Filter Common Parts.Error CovarianceMatrixManager

(Phl Matrices -=> Phi MatrIces,
PAnd_QMatrices => P_Ad_0_Matrices);

package Update P And X is new
Sequentially Update CovarianceMatrix And StateVector

(StateIndices => State Indices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter Elements,
P Matrices => P And _ Matrices,MeasurementVarianceVectors

r N
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=> Measurement Variance Vectors,
Measurement Vectors => MeasurementVectors,
P Row Vectors => P Row Vectors,
K-Column Vectors => K-Column Vectors,
State Vectors => State Vectors,
Compact_H_Matrices => Compact_H Matrices);

ZeroState-Vector :State-Vectors :=(others => 0.0);

end KalmanUpdate;

3.3.3.2.9.2.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with'd by this part:
1. KalmanFilterCommonParts

UTILIZATION OF EXTERNAL ELEMENTS:

Packages:

The following table summarizes the external packages required by this part:

I Name Type I Source I Description I
I---- ----------I -I- --I ---------------------- I
ICovarianceMatrixigeneric IKalman_ IManages the Covariance Matrix (P)I
_Manager - package IFilter- IjIComon- I I

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Packages:

The following table summarizes the packages required by this part and defined

elsewhere in the parent top level component:

I Name Type Source I Description

----------------- -----------------------------------------
ISequentially Igeneric Iparent IUpdates the P matrix and X Vector
lUpdate Covarlancelpackage I
IMatrix -And I I
iStateVector I II

3,3.3.2.9.2.8 LIMITATIONS

.4 None.
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- 3.3.3.2.9.2.9 LLCSC DESIGN

None.

3.3.3.2.9.2.10 UNIT DESIGN

3.3.3.2.9.2.10.1 UPDATE UNIT DESIGN

This unit is a procedure which does the Kalman Update

3.3.3.2.9.2.10.1.1 REQUIREMENTS ALLOCATION

This parts meets CAMP Requirement R147.

3.3.3.2.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.9.2.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

eThe following table describes this part's formal parameters:
Name I Type I Mode j Description

----------------------------------------------------------I
IX IState Vectors Iin/outIState Vector (X) to be updatdI
I I I I
IP IP And _ Matrices Iin/outlError Covariance Matrix (P) I

I I Ito be updated
II I I
jZ IMeasurement lin ICurrent Measurement Vector(Z)I

I lVectors I
I II
ICompactH ICompactH_ in ICurrent Measurement Sensitiv-

IMatrices lity Array (Compact H)
I I I I
IMeasurement IMeasurement lin ICurrent Measurement Variance I
IVariance IVarianceVectors I jArray

I I I I
IPropagatedPhilPhi Matrices lin ICurrent value of the propa- I
I I I jgated State Transition Matrix
I I I II
iPropagatedQ IPAnd__Matrices jin ICurrent value of the propa- I
I I Igated Process Noise Matrix

-- - - - - -- - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

M .W
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3.3.3.2.9.2.10.1.4 LOCAL DATA

None.

3.3.3.2.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.2.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Update
(X : in out State Vectors;
P : in out P And-0 Matrices;
Z : in Measurement Vectors;
Compact H : in Compact_H_Matrices;
Measurement Variance : in Measurement VarianceVectors;
Propagated Phi : in Phi Matrices;

Propagated Q : in P And_Q_Matrices) is
begin

-- Propagate the Frror Covariance Matrix

P _Manager.Initialize (InitialP => P);

PManager.Propagate (.PropagatedPhi => Propagated Phi,
PropagatedQ => PropagatedQ);

P :=f PManager.P;

- If the state vector is not zero, multiply it by Propagated Phi

if X = Zero StateVector then

X := PropagatedPhi * X;

end if;

-- Update Error Covariance Matrix and State Vector

Update_P_AndX.Update (P => P,X => X,
Z => Z,

CompactH => CompactH,
Measurement-Variance => Measurement-Variance);

end Update;

Irw1
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' 3.3.3.2.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
eisewhere in the parent top level component:

Packages:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

I Name I Type I Source I Description
I----------- I-------I-----I ----------------------
IP Manager 1package Iparent IManages the Error Covariance
I I I Imatrix (it is an instantiation ofj

I I I Ipart R146)
I I I

IUpdate_P_AndX Ipackage iparent [Updates the Covariance Matrix andi

I I IX Vector (it is an instantiation

I I I of part R152)

Data types:

*:, The following table summarizes the types required by this part and defined

,,i elsewhere in the parent top level component:

I'

I,

I-
V.
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---

Name Base Type I Description
---------------- I ---------- I---------------------------I

IState Indices Idiscrete lIndex to the arrays which depend
on the number of states

IMeasurement Indices discrete lIndex to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements making up the
I Elements I point type IKalman Filter aggregates
II I
IPhi Matrices 1private IData type of Phi matrix
I I I
IP And 0Matrices Iprivate IData type of a P and 0 matrix
I II
IMeasurement Ivector IVector indexed by Measurement
I Variance Vectors I lIndices containing Kalman Filter

IElements

IMeasurementVectors Ivector IVector indexed by Measurement
I lIndices containing Kalman Filter

lElements

State Vectors Ivector IVector indexed by State Indices
- Icontaining KalmanFilte Elements
II I IZ r

ICompact_H_Matrices Ivector IData type of Compact H matrix I

Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Value I Description I
I - - --------------- I ------- I------I ---------------------- I
IZero State- IState Ivector oflUsed for comparison to zero I
IVect-or IVector 10 values Ivector I

3.3.3.2.9.2.10.1.8 LIMITATIONS

None.

3.3.3.2.10 UNIT DESIGN

3.3.3.2.10.1 COMPUTEKALMANGAIN UNIT DESIGN (CATALOG ffP138-O)

This unit is a gneric function body which computes the Kalman gain vector
resulting from the processing of a single component of the measurement vector,
Z.
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3.3.3.2.10.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R149.

3.3.3.2.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

Name I Base Type I DescriptioI
---------- I------------- I--------------------------------I

IState Indices ldiscrete Index to the arrays which depend
on the number of states

MeasurementIndicesdiscrete Index to the arrays which depend

I I L on the number of measurements

IKalman Filter Ifloating Elements contained in the
Elements - point type I Kalman Filter aggregates

I i II
IP_Matrices 1private IData type of P matrix
I -I II
IMeasurement Ivector lVector indexed by Measurement
Variance Vectors I lIndices containing KalmanFilter-[

IElements

K ColumnVectors Ivector IVector indexed by State Indices
- -. containing KalmanFilteFElementsl

ICompnct_HMatrices Ivector IData type of Compact H matrix I

Subprograms:

The following table surhxarizes the generic formal subroutines required by this
part:

I Name I Type I Description
I ------------ I ------- I -------------------------
I Element Ifunction lExtracts an element of a P Matrix I

--- --- -- -- --- -- -- ---- --- -- -- ------ --
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3.3.3.2.10.1.4 LOCAL DATA

None.

3.3.3.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Kalman FilterCompact_H_Parts)
* function ComputeKalmanGain

(P : P Matrices;
Measurement Number : Measurement Indices;
Compact H : Compact H Matrices;
Measurement Variance : Measurement Variance Vectors)

return K Column Vectors is

J : State Indices;

K : KColumnVectors;

begin

J := CompactH (MeasurementNumber);

for I in State Indices loop

K (I) := Element (P, I, J) /
(Elenent (P, J, J) + MeasurementVariance (MeasurementNumber));

end loop;

return K;

end ComputeKalmanGain;

3.3.3.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.2.10.1.8 LIMITATIONS

None.

3.3.3.2.10.2 UPDATE_ERRORCOVARIANCEMATRIX UNIT DESIGN (CATALOG #P139-0)

This unit is a generic procedure body which computes the updated covariance
matrix resulting from the processing of a single component of the measurement
vector, Z.
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3.3.3.2.10.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R150.

3.3.3.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

Name Base Type Description

-------------------------------------------------------- I
IState Indices Idiscrete lIndex to the arrays which depend

on the number of states

IMeasurementIndices discrete Index to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements contained in the
IElements I point type I Kalman Filter aggregates
IP Matrices private [Data type of P matrix

_Row Iprvt IaaI
IP Row Vectors Ivector IVector indexed by State Indices

-containing KalmanFilterElementsl

1K Column-Vectors Ivector IVector indexed by State Indices
-I Icontaining KalmanFilte Elements

II I I
ICompact_H_Matrices Ivector IData type of Compact H matrix I

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

L 4
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--------------------------------------------------------------------
Name Type Description

------------- ---------- -------------------------------I
IRow Ifunction lExtracts a row of a P matrix

I I
I*" Ifunction IA K Column Vector is multiplied
I I 1by the transpose of a P Row vector,

I I lyielding a P matrix

I I I
"-" Ifunction [Two P matrices are added, yielding a

I ISymmetric matrix

3.3.3.2.10.2.4 LOCAL DATA

None.

3.3.3.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.3.2.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (KalmanFilterCompact_H_Parts)

procedure Update Error Covariance Matrix
P -- in out P Matrices;
Measurement Number : in MeasurementIndices;
K : in KColumnVectors;
CompactH : in CompactHMatrices) is

J : StateIndices;

begin

J := CompactH (Measurement Number);

P := P - K * Row (P, J);

end UpdateErrorCovarianceMatrix;

3.3.3.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.2.10.2.8 LIMITATIONS

Nonae.

'I
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3.3.3.2.10.3 UPDATESTATEVECTOR UNIT DESIGN (CATALOG #P140-O)

This unit is a generic procedure body which updates the State Vector, X, given
the old X vector, the Z vector, the K vector, the Measurement Number, and the
Compact H array.

3.3.3.2.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R152.

3.3.3.2.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

I Name Base Type Description
-------------------------------------------------------- I
State Indices Idiscrete Index to the arrays which depend

on the number of states

IMeasurementIndicesidiscrete jIndex to the arrays which depend
on the number of measurements

IKalman Filter Ifloating IElements making up the
I Elements - point type I Kalman Filter aggregates

II I
IMeasurementVectorsIvector IVector indexed by Measurement

I I lIndices containing Kalman Filler
:Elements

1K Column Vectors Ivector IVector indexed by State Indices
_ r Icontaining KalmanFilte-rElements

I I
State Vectors vector IVector indexed by State Indices

-Icontaining KalmanFilterElementsI

I I
jCompactH Matrices ivector IVector indexed by Measurement I
IVectors I lIndices containing StateIndices

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

*
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I Name Type I Description

------------------ ------------------------------------- I
Ifunction jAdd a state vector and a K column

SI Ivector, yielding a state vector

I I
*" Ifunction IMultiply a K column vector by a Kal-

Iman Filter Element, yielding a K

Icolumn vector

3.3.3.2.10.3.4 LOCAL DATA

None.

3.3.3.2.10.3.5 PROCESS CONTROL

Not applicable.

3.3.3.2.10.3.6 PROCESSING

The following describes the processing performed by this partt

separate (Kalman Filter Compact H Parts) 1=3
procedure Update State Vector

(Xc : in out State Vectors;
Z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in Measurement Indices;
CompactH : in Compact_H_Hatrices) is

J : StateIndices;
J 4

begin

J :f CompactH (Measurement-Number);

X := K * (Z (MeasurementNumber) - X (J)) + X;

end UpdateStateVector;

3.3.3.2.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.2.10.3.8 LIMITATIONS

None.

* .~,

- _O___,
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3.3.3.2.10.4 UPDATE ERRORCOVARIANCE "..X U (CATALOG

#P1121-O)

This unit is a generic procedure body which computes the updated covariance
matrix resulting from the processing of a single component of the measurement
vector, Z.

3.3.3.2.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R150.

3.3.3.2.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.3.2.10.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal data types required by this
part:

A

Oi

P, A

S.! 1
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Name Base Type I Description
---------------- I ---------- I---------------------------I
IState Indices Idiscrete lIndex to the arrays which depend I

on the number of states I

IMeasurementIndices idiscrete lIndex to the arrays which depend
I on the number of measurementsI

IKalman Filter_ Ifloating lElements contained in the I
I Elements I point type I Kalman Filter aggregates

IPMatrices Iprivate IType of covariance matrix. It
Irepresents a symmetric matrix J

I index by (states, states)

K H Product_ Iprivate IA matrix of the form I_KH, where
I Matrices I 1K is a K Column Vector and H is

1 1 a row of-the H matrix. It
Irepresents a matrix indexed by I

I I(states, states)

IMeasurement_ Ivector IType of Measurement Variance I
I Variance_- I Vector (R). It is indexed by I

II(states)

IKColumnVectors Ivector IType of a Column of the Kalman I
IGain Matrix (K). It is indexed

I by (states)

cCompact_HMatrices Ivector IA vector, index by Measurement
I Indices containing the indices-of l

I Ithe measured states. It repre-
Isents a matrix indexed by j
I(Measurement, states) that is all

I Izeroes except for locations I
Ispecified by row=I, column=

I ICompactHMatrices(I)

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

J

-

43
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Name Type Description

--------- -------- ------------------------------------- I
II Minus Column Ifunction JK and the current state measured (as
1 iatrix- I lindicated by whicvh element of the
I I Icurrent row of H is a "1") => I KH

IA B A Transpose Ifunction 1K H Product Matrices * Kalman Filter

I I I lements * transpose(KH_Product_
I I IMatrices) => PMatrices

I II
IA B A Transpose Ifunction 1K Colunm Vectors * Kalman Filter

I I lElements-* transpose( K Column_
I IVectors) => PMatricesI
I I
Ifunction IPMatrices + P Matrices => P Matrices

3.3.3.2.10.4.4 LOCAL DATA

None.

3.3.3.2.10.4.5 PROCESS CONTROL

Not applicable.

3.3.3.2.10.4.6 PROCESSING

The following describes the processing performed by this part:

separate (KalmanFilterCompact_H_Parts)

procedure UpdateError CovarianceMatrix General Form
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
Compact H : in CompactHMatrices;
MeasurementVariance : in MeasurementVarianceVectors) is

I linusKHMatrix : K H Product Matrices;
J : StateIndices;

begin

J := CompactH (MeasurementNumber);

I Minus K H Matrix := I Minus Column Matrix (K => K,
State Measure => J);

P :=ABATranspose (IMinusKHMatrix, P) +
I ABATranspose (K, MeasurementVariance( MeasurementNumber ));

end Update ErrorCovariance Matrix GeneralForm;



CAMP Software Detailed Design Document Page 370

3.3.3.2.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.2.10.4.8 LIMITATIONS

None.

0@

1

I
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package body KalmanFilterCompact_HParts is

function ComputeKalmanGain
(P : P Matrices;
Measurement Number : Measurement Indices;
Compact H : Compact H Matrices;
Measurement Variance : MeasurementVarianceVectors)

return KColumnVectors is separate;

procedure Update ErrorCovarianceMatrix
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in KColumnVectors;
CompactH : in CompactHMatrices)

is separate;

procedure UpdateStateVector
(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in Measurement Indices;
CompactH : in Compact_H_Matrices)

is separate;

package body Sequentially_Update CovarianceMatrix And-State.Vector
is separate;

package body Kalman-Update is separate;

procedure Update ErrorCovarianceMatrix General Form

(P : in out P Matrices;
MeasurementNumber : in Measurement Indices;
K : in K Column VeCtors;
Compact H : in CompactHMatrices;
MeasurementVariance : in MeasurementVarianceVectors)

is separate;

end KalmanFilter Compact_HParts;

- - -
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separate (Kalman Filter Compact_H_Parts)
function ComputeKalmanGain

(P : P Matrices;
Measurement Number : Measurement Indices;
CompactH : Compact_H_Matrices;
Measurement Variance : Measurement Variance Vectors)

return KColumnVectors is

J : State Indices;

K : KColumnVectors;

begin

J := CompactH (MeasurementNumber);

for I in StateIndices loop

K (I) := Element (P, I, J) /
(Element (P, J, J) + Measurement-Variance (Measurement-Number));

end loop;

return K;

end ComputeKalman Gain;

! °
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separate (KalmanFilter_CompactHParts)

procedure Update Error CovarianceMatrix
TP in out P Matrices;
MeasurementNumber : in Measurement Indices;
K : in KColumnVectors;
CompactH : in Compact_H Matrices) is

J StateIndices;

begin

J := CompactH (MeasurementNumber);

P := P - K * Row (P, J'"

.end UpdateErrorCovarianceMatrix;

44
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separate (Kalman Filter_Compact_H_Parts)
procedure UpdateStateVector

(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in Measurement Indices;
CompactH : in Compact_H_Matrices) is

J : StateIndices;

begin

J := Compact_H (MeasurementNumber);

X := K * (Z (MeasurementNumber) - X (J)) +X;

end UpdateStateVector;

I.



'-THIS REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBLICREL.E

f_4DER DOD DIRECTiVE 5200o20 AND

N'0 RESTRICTIONS ARE IPODS UPON

I'T! USE AND D ISCLOSUJRE#

I ST R IBUT I ON STATEMENT A

APPROVED lOR PUBLIC RELIASE)

DIlSTRIBUTION UNLIMITED$ ,
.k . ........... .....

~?

)4



CAMP Sdftware Detailed Design Document Page 375

separate (Kalman FilterCompact H Parts)
package body Sequentially_UpdateCovarianceMatrixAndStateVector is

K : KColumnVectors;

function Compute K is new ComputeKalmanGain
(State Indices => State Indices,
Measurement Indices => Measurement Indices,
Kalman Filter-Elements => Kalman Filter_Elements,
P Matrices => P Matrices,
Measurement Variance Vectors

=> Measurement Variance Vectors,

KColumn Vectors => K Column Vectors,
Compact_H_Matrices => CompactHMatrices);

procedure Update P is new UpdateError Covariance Matrix
(Sta7te Indices => State Indices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter Elements,
P Matrices => PMatrices,
P-Row Vectors => PRow Vectors,
K-ColumnVectors => K-ColumnVectors,
Compact_H_Matrices => Compact_H_Matrices);

r procedure Update X is new UpdateState Vector

(State Indices => State :ndices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter Elements,
Measurement Vectors => Measurement Vectors,
K Column Vectors => K Column Vectors,
State Vectors => State Vectors,
Compact_H_Matrices => Compact_H_Matrices);

~pragma PAGE;

procedure 
pdate

(P : in out P Matrices;
X : in out State Vectors;
Z : in Measurement Vectors;
Compact H : in Compact H Matrices;
MeasurementVariance : in MeasurementVarianceVectors) is

begin

for MeasurementNumber in Measurement-Indices loop

K := ComputeK (P => P,
MeasurementNumber => MeasurementNumber,
Compact H => Compact H,
MeasurementVariance => MeasurementVariance);

Update_P (P => P,
MeasurementNumber => Measurement Number," K => K ,-

CompactH => CompactH);

~0."
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Update_X (X => X,
z=> Z,
K => K,
MeasurementNumber => MeasurementNumber,
Compact_H => CompactH);

end loop;

end Update;

end Sequentially_Update Covariance Matrix And State Vector;

2> I
) °!
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with Kalman Filter Common Parts;
separate (Kalman FilterCompactHParts)
package body Kalman_Update is

package PManager is new
Kalman Filter Common Parts.Error Covariance Matrix_Manager

(Phi Matrices => Phi Matrices,
P_And_0_Matrices => P_And_0_Matrices);

package UpdateP And X is new
SequentiallyUpdateCovariance Matrix And State Vector

(State Indices => StateIndices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter Elements,
P Matrices => P And Q Matrices,
MeasurementVarianceVectors

=> MeasurementVarianceVectors,
Measurement Vectors => MeasurementVectors,
P Row Vectors => P Row Vectors,
K-Column Vectors => K-Column Vectors,
State Vectors => Sfate Vectors,
Compact_H_Matrices => CompactHMatrices);

Zero State Vector : State Vectors := (others => 0.0);

pragma PAGE;
procedure Update

(X : in out State Vectors;
P : in out P And_ _Matrices;
Z : in Measurement Vectors;
Compact H : in CompactH_Matrices;

r Measurement Variance : in Measurement Variance Ve :tors;
Propagated Phi : in Phi Matrices;
PropagatedQ : in P And_Q_Matrices) is

begin I[IJ1I
-- -- Propagate the Error Covariance Matrix

P-fanager.Initialize (InitialP => P);

P_Manager.Propagate (Propagated Phi => Propagated Phi,
Propagated 0 => Propagated:Q);

P P_Manager.P;

-- f the state vectr is not zero, multiply it by Propagated Phi

if X /= Zero State Vector then

X :! Propagated_Phi * X;

end if;

-- Update Error Covariance Matrix and State Vector



CAMP Software Detailed Design Document Page 378

Update_PAndX.Update (P => P,
x => X,
z => Z,
Compact H => CompactH,
Measurement-Variance => Measurement-Variance);

end Update;

end KalmanUpdate;

,-

.0

loti
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separate (KalmanFilterCompact_H_Parts)

procedure UpdateErrorCovarianceMatrix General Form
(P : in out P Matrices;
MeasurementNumber : in MeasurementIndices;

K : in K Column Vectors;
, Compact_-H : in compactHMatrices;

MeasurementVariance : in MeasurementVariance Vectors) is

I MinusKHMatrix :K H ProductMatrices;
: State_Indices;

begin

J := CompactH (MeasurementNumber);

I_MinusKHMatrix := IMinusColumnMatrix (K => K,
State-Measure => J);

P := AbaTranspose (IMinusKHMatrix, P) +
AbaTranspose (K, MeasurementVariance( Measurement-Number ));

end UpdateErrorCovariance MatrixGeneralForm;

'.r

'O
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3.3.3.3 KALMAN FILTER COMPLICATED H PARTS (BODY) TLCSC (CATALOG #P149-0)

This part, which is designed as an Ada package, contains bodies for all CAMP
parts which can be used to implement a Kalman Filter when a complicated
Measurement Sensitivity Matrix (Complicated H Matrix) is used

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.3.1 REQUIREMENTS ALLOCATION

The following chart summarizes the allocation of CAMP requirements to this

Tlcsc:

Name I Requirements Allocation I

IComputeKalman Gain R182
IUpdate Error CvarianceMatrix R183
IUpdate StateVector - R184
ISequentiallyUpdateCovarianceMatrixand_ I R201
I State Vector I I
IKalman Update I R181
IUpdateErrorCovarianceMatrixGeneralForm I R183 I

3.3.3.3.2 LOCAL ENTITIES DESIGN

None.

3.3.3.3.3 INPUT/OUTPUT

None.

3.3.3.3.4 LOCAL DATA

None.

3.3.3.3.5 PROCESS CONTROL

Not applicable.

3.3.3.3.6 PROCESSING

The following describes the processing performed by this part:

package body KalmanFilterComplicated_H_Parts is

function ComputeKalmanGain
(P : PMatrices;

1
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Measurement Number : Measurement Indices;
ComplicatedH : H Matrices;
Measurement Variance : MeasurementVarianceVectors)

return KColumnVectors is separate;

procedure UpdateErrorCovarianceMatrix
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
ComplicatedH : in H Matrices) is separate;

procedure UpdateStateVector
(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K ColumnVectors;
Measurement Number : in Measurement Indices;
ComplicatedH : in HMatrices)-is separate;

package body Sequentially UpdateCovarianceMatrixandStateVector is separate;

package body KalmanUpdate is separate;

procedure UpdateErrorCovarianceMatrixGeneral Form
( P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
Complicated H : in HMatrices; JOW3.
Measurement-Variance : in Measurement Variance Vectors )

is separate;

end KalmanFilterComplicatedHParts;

3.3.3.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.3.8 LIMITATIONS

, None.

3.3.3.3.9 LLCSC DESIGN

3.3.3.3.9.1 SEQUENTIALLY UPDATE COVARIANCE MATRIX AND STATE VECTOR PACKAGE DESIGN
(CATALOG #P153-0)

This LLCSC is a generic package which contains 1 procedure, "Update", which
updates the Covariance Matrix, P, and state Vector, X.

The decomposition for this part is the same as that shown in the Top-Level
Design Document. @ '
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3.3.3.3.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R152.

3.3.3.3.9.1.2 LOCAL ENTITIES DESIGN

Packages:

As described above, this package body instantiates Compute Kalman Gain, Update
Error Covariance Matrix, and Update State Vector

3.3.3.3.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

B.
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---

Name I Base Type I Description

IStates Indices Idiscrete jIndex to the arrays which depend
- on the number of states

IMeasurementIndicesidiscrete lIndex to the arrays which depend I
on the number of measurements

IKalman Filter Ifloating lElements contained in the
Elements - point type I Kalman Filter aggregates

IP Matrices private Data type for n x n private P

I Imatrix
II I I
lH Matrices Iprivate iData type for private m x n H I
I I Imatrix I
I I I I
1K H Product lprivate IData type for private n x n K I

atrices - land H matrix

IH_RowVectors lprivate IVector representing a row of a
I I~P matrixI

Measurement Vectorsvector IVector indexed by Measurement_ I
I lIndices containing KalmanFilterI
I lElements I

IMeasurement Ivector Vector indexed by Measurement I
I Variance - IIndiceF c.ontaining KalmanFil-fer
1 Vectors I lElements

1K Column-Vectors Ivector IVector indexed by State Indices
- - Icontaining KalmanFilterElements I

IState Vectors Ivector lVector indexed by State Indices
Icontaining KalmanFilterElements

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

A A
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I Name I Type I Description I

lActiveHVector Ifunction IReturns the row of an (MxN) H matrix
jthat is referenced

ISubtract From Iprocedure ISubtracts a K and H Product matrix I
Identity I Ifrom the Identity Matrix(i.e., I - S)l

ITimesTranspose Ifunction IMultiplies a P matrix by the trans-

I Ipose of a H Row Vector, yielding a

I 1K Column Vector

"*" Ifunction IMultiplies a H Row Vector by a K

lColumn vector, yielding a Kalman

IFilter ElementI I
"*" Ifunction JMultiplies a H Row Vector by a State

I fvector, yielding a Kalman Filter
I lElement

*! "*" Ifunction IMultiplies a K Column Vector by a H
I IRow Vector, yielding a K and H
I IProduct Matrix

I I II
Ifunction IMultiplies a K and H Product Matrix

I I Iby a P Matrix, yielding a P Matrix
I I I

*" Ifunction IMultiplies a K Column Vector by a

I IKalman Filter Element, yielding a

I JK Column Vector

"" Ifunction IDivides a K Column Vector by a Kalman

I IFilter Elcment, yielding a K Column

IVector
+" function Adds a State Vector and a K Column I

I I IVector, yielding a State Vector I

3.3.3.3.9.1.4 LOCAL DATA

None.

3.3.3.3.9.1.5 PROCESS CONTROL

Not applicable.

3.3.3.3.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (KalmanFilterComplicated_H_Parts)

®I
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package body SequentiallyUpdateCovariance Matrix and State Vector is

K : KColumnVectors;

function Compute K is new ComputeKalman Gain
(Sta7te Indices => State Indices,
Measurement Indices => Measurement indices,
Kalman FilterElements => Kalman FilterElements,
P Matrices => P Matrices,
H Matrices => H Matrices,
H-Row Vectors => HRowVectors,
Measurement Variance Vectors

=> Measurement VarianceVectors,
KColumnVectors => KColumnVectors);

procedure UpdateP is new UpdateErrorCovariance Matrix
(State Indices => State_Indices,

SMeasurement Indices => Measurement-Indices,

Kalman Filter Elements => Kalman Filter Elements,
esP Matrices I => P Matre Iices,A-HMatrices => H-Matrices,
H -Row Vectors => H-Row Vectors,

K-H PFoduct Matrices => K-H Product Matrices,
K_Column_Vectors => KColumnVectors);

procedure Update X is new Update State Vector
(State Indices =>-StateIndices,
Measurement Indices => Measurement Indices,
Kalman Filter Elements => Kalman Filter Elements,
H Matrices => H Matrices,
H-Row Vectors => H-Row Vectors,
Measurement Vectors => Measurement Vectors,
K Column Vectors => K Column Vectors,
StateVectors => StateVectors);

end Sequentially_Update CovarianceMatrix andStateVector;

3.3.3.3.9.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

4Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

U4 ---------'W;W 6-i;--=C
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I Name I Type I Source I Description

[Compute Kalman_ Igeneric Iparent lComputes the Kalman Gain Vector,
IGain Ifunction I 1K

I I I I
IUpdate State Igeneric jparent IUpdates the State Vector, X
IVector 'procedure I I
I i I I
IUpdateError Igeneric Iparent jUpdates the Error Covariance
ICovarianceMatrixlprocedure I IMatrix, P

3.3.3.3.9.1.8 LIMITATIONS

None.

3.3.3.3.9.1.9 LLCSC DESIGN

None.

3.3.3.3.9.1.10 UNIT DESIGN

3.3.3.3.9.1.10.1 UPDATE UNIT DESIGN

This unit is a procedure which does the update of the Co'arlance Matrix, P, and
the StateVector, X.

3.3.3.3.9.1.10.1.1 REQUIREMENTS ALLOCATION

This parts meets CAMP Requirement R201.

3.3.3.3.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.3.9.1.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

:0@
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Name I Type j Mode Description

IP IP Matrices lin/outlError Covariance Matrix (P)

I I I Ito be updated
I I III
IX IState Vectors lin/outIState Vector (X) to be updatdI

II III
Z IMeasurement in ICurrent Measurement Vector(Z)I

I I Vectors I I
II I 1I
ComplicatedH IH Matrices in ICurrent Measurement Sensitiv-1

I I lity Matrix (Complicated H)

II I II
IMeasurement_ IMeasurement_ jin ICurrent Measurement Variance
IVariance I Variance I lArray

3.3.3.3.9.1.10.1.4 LOCAL DATA

C None.

3.3.3.3.9.1.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.3.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Update
(P : in out P Matrices;
X : in out State Vectors;
z : in MeasurementVectors;

Complicated_H : in H Matrices;
Measurement-Variance : in Measurement VarianceVectors) is

begin

for MeasurementNumber in MeasurementIndices loop

i' K := ComputeK (P => P,
Measurement Number => Measurement Number,
Complicated H => ComplicatedH,
MeasurementVariance => MeasurementVariance);

Update_P (P => P,
MeasurementNumber => MeasurementNumber,
K .=> K,
ComplicatedH => Complicated H);

UpdateX (X => X,

z => z,
! K => K,

MeasurementNumber => MeasurementNumber,

V-7
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ComplicatedH => ComplicatedH);

end loop;

end Update;

3.3.3.3.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

2O, l Name I Type I Source I Description I

IComputeKalman_ Igeneric Iparent IComputes the Kalman Gain Vector, I
IGain Jfunction I IKI
I I I II
lUpdateState_ Igeneric Iparent lUpdates the State Vector, X I
IVector 1procedure I I I
II I II
IUpdate Error Igeneric Iparent lUpdates the Error Covariance I
CovarianceMatrixlprocedure I IMatrix, P I

Data types:

The following table summarizes the types required by this part and defined
elsewhere in the parent top level component:

V
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I Name I Base Type I Description I

[States-Indices Idiscrete lIndex to the arrays which depend
- I Ion the number of states

IMeasurementIndicesldiscrete lIndex to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements contained in the
I Elements I point type I Kalman Filter aggregates
I I I
IP_Matrices Iprivate IData type for n x n private P
I I Imatrix
I I II
IH Matrices Iprivate IData type for private m x n H I
I I matrix

VI I I
IMeasurementVectorsjvector IVector indexed by Measurement I
I I JIndices containing KalmanFilter_

I ElementsA I II
Measurement Ivector IVector indexed by Measurement
Variance !Indices containing Kalman Filter

I Vectors- IElements

1K Column-Vectors Ivector IVector indexed by State Indices
Icontaining KalmanFilterElementsl4I I

IStateVectors Ivector IVector indexed by State Indices I
Icontaining Kalman Filter Elements

Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Value I Description I

IK IK Column Ivariable IStores the value of the Kalman I
I IVectors - I IGain Vector (K) I

3.3.3.3.9.1.10.1.8 LIMITATIONS

None.

3.3.3.3.9.2 KALMAN UPDATE PACKAGE DESIGN (CATALOG #P155-0)

This LLCSC is a generic package which updates the State Vector, X, given the
old X vector, the Z vector, the K vector, the Measurement Number, and the
Complicated H array.

a
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.3.3.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R181.

3.3.3.3.9.2.2 LOCAL ENTITIES DESIGN

Packages:

As mentioned above, this package instantiates Sequentially Update Covariance
Matrix and State Vector, and Error Covariance Matrix Manager

3.3.3.3.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

'A
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I Name I Base Type I Description

IStates Indices Idiscrete Jlndex to the arrays which depend I
I Ion the number of states

iMeasurement_Indices discrete lIndex to the arrays which depend
. Ion the number of measurements

IKalman Filter Ifloating lElements contained in the
I Elements - I point type I Kalman Filter aggregates

II II
IPhi Matrices Iprivate IData type for private n x n PHi

I Imatrix
IP _And 0Matrices Iprivate IData type for n x n private P

SI Imatrix

II I
IH_ Matrices Iprivate IData type for private m x n H I
I I Imatrix I
I I II

* 1K H Product jprivate IData type for private n x n K I
Matrices land H matrix

II II
IIHRow Vectors Iprivate Vector representing a row of a
I I IP matrix
I I II
MeasurementVectorsivector IVector indexed by Measurement I
I I lIndices containing KalmanFilterI

I lElements
I I II
IMeasurement Ivector IVector indexed by Measurement I
I Variance - lIndices containing KalmanFilferI
I Vectors I lElements I

*I I I I
1K Column-Vectors Ivector IVector indexed by State Indices

- containing KalmanFilteFElementsI
II II

IState Vectors Ivector IVector indexed by State Indices I
I Icontaining KalmanFilteiElementsI

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

NJ
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I Name I Type I Description I

lActive_HVector Ifunction IReturns the row of an (MxN) H matrix
IIthat is referenced

I II I
ISubtract From 1procedure ISubtracts a K and H Product matrix
I IdentiTy - Ifrom the Identity Matrix(i.e., I - S)

ITimes Transpose Ifunction IMultiplies a P matrix by the trans-I& -pose of a H Row Vector, yielding a I

SI -K Column Vector I
II I I

IPhi P Phi Ifunction IDoes an ABA Transpose opertion on a
I I IPhi matrix and a P and 0 matrix,
I I lyielding a P and Q matrix I
I I I I
I Ifunction IMultiplies a H Row Vector by a K I
I I IColumn vector, yielding a Kalman I
I I IFilter Element
I III
I 111*" Ifunction IMultiplies a H Row Vector by a State I

I Ivector, yielding a Kalman Filter I
II lElement I

- I"¢ Ifunction IMultiplies a K Column Vector by a H I
I I JRow Vector, yielding a K and H I
I I IProduct Matrix I
I I I I
S"Ifunction IMultiplies a K and H Product Matrix I
I I 1by a P Matrix, yielding a P Matrix I
I I II
I"*" Ifunction IMultiplies a K Column Vector by a I
I I IKalman Filter Element, yielding a
I I 1K Column Vector

II II
I Ifunction IMultiplies a Phi Matrix by a State I

I IVector yielding a State Vector 1

I/ Ifunction IDivides a K Column Vector by a Kalman

I.I IFilter Element, yielding a K Column I
II IVectorI

"+" Ifunction IAdds a State Vector and a K Column I
I jVector, yielding a State Vector

3.3.3.3.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

T 9
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'?- - -- ------------------------------------------------------

I Name I Type I Value Description

IZero State IState_ Ivector of lUsed for comparsison to zero
IVector - Vector 10 values Ivector I

3.3.3.3.9.2.5 PROCESS CONTROL

Not applicable.

3.3.3.3.9.2.6 PROCESSING

The following describes the processing performed by this part:

with Kalman Filter Common Parts;
separate (Kalman Filter Complicated_H_Parts)
package body KalmanUpdate is

package PManager is new
Kalman Filter Common Parts.Error CovarianceMatrixManager

( PR MatrTces => Phi Matrices,
P And _ Matrices => P And _ Matrices );

package UpdateP And X is new
SequentiaIly Update Covariance Matrix And State Vector

(State Indices -- Sate-Indices,
Measurement Indices => Measurement Indices,
Kalman Filter-Elements => Kalman FilterElements,
P Matrices => P And Q Matrices,
H-Matrices => H Matrices,
KH Product Matrices => K H Product Matrices,
H-RowVectors => H-Row Vectors,
Measurement Variance Vectors => Measurement Variance Vectors,
MeasurementVectors - => Measurement Vectors,
K Column Vectors => KColumnVectors,
State-Vectors => StateVectors );

Zero State Vector : State Vectors := (others => 0.0);

end KalmanUpdate;

3.3.3.3.9.2.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with'd by this part:

1. Kalman Filter Common Parts

UTILIZATION OF EXTERNAL ELEMENTS:

Packages:

The following table summarizes the external packages required by this part:

40
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I Name I Type I Source I Description I

lError Covariance Igeneric IKalman Filter 1Manages the Covariance I
IMatrix_Manager -Ipackage IComuonParts -IMatrix (P) I

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this ?art but defined
elsewhere in the parent top level component:

Packages:

The following table summarizes the packages required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Source I Description I

ISequentially_ Igeneric Iparent IUpdates the P matrix and X Vector
IUpdate Covariancelpackage I I I
IMatrix-And I I I I
IStateVector I I I I

S 3.3.3.3.9.2.8 LIMITATIONS

None.

3.3.3.3.9.2.9 LLCSC DESIGN

None.

3.3.3.3.9.2.10 UNIT DESIGN

3.3.3.3.9.2.10.1 UPDATE UNIT DESIGN

This unit is a procedure which dot the Kalman Update

3.3.3.3.9.2.10.1.1 REQUIREMENTS ALLOCATION

*o This parts meets CAMP Requirement R181.

3.3.3.3.9.2.10.1.2 LOCAL ENTITIES DESIGN

None.

e e40
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3.3.3.3.9.2.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

IP IP And 0 Matrices lin/outlError Covariance Matrix (P) I
I I I Ito be updatedII I
IX IState Vectors lin/outiState Vector (X) to be updatdl
Z _Measurement in Current Measurement Vector(Z)I

I IVectors I I
II I I

IComplicatedH IHMatrices in ICurrent Measurement Sensitiv-
1 1 1 lity Matrix (Complicated H) 1

III II
Measurement Measurement in ICurrent Measurement Variance I
IVariance IVariance Vectors I jArray
I I I II
lPropagatedPhilPhiMatrices in ICurrent value of the propa- I
I I I Igated State Transition Matrixi

II I 1I
IPropagated_Q IAndQMatrices in ICurrent value of the propa- I
I I Igated Process Noise Matrix I

3.3.3.3.9.2.10.1.4 LOCAL DATA

None.

3.3.3.3.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.3.3.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

procedure Update (X : in out State Vectors;
P : in out P And- 0Matrices;

IZ : in MeasurementVectors;
Complicated H : in H Matrices;
Measurement-Variance : in MeasurementVariance Vectors;
Propagated Phi : in Phi Matrices;
PropagatedQ : in P AndQMatrices) is

begin

-- -- Propagate the Error Covariance Matrix

7.4
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PManager.Initialize (InitialP => P);

P Manager.Propagate (Propagated Phi => Propagated Phi,
Propagated_0 => PropagatedQ);

P P_Manager.P;

-- If the state vector is not zero, multiply it by Propagated Phi

if X /= Zero State Vector then

X := PropagatedPhi * X;

end if;

-- Update Error Covariance Matrix and State Vector

Update_P_AndX.Update (P => P,
X => X,
Z => Z,

ComplicatedH => ComplicatedH,
MeasurementVariance => MeasurementVariance);

end Update;

3.3.3.3.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

The following tables describe the elements used by this part but defined
elsewhere in the parent top level component:

Packages:

The following table summarizes the subroutines and task entries required by
this part and defined elsewhere in the parent top level component:

I Name I Type I Source I Description

IP_Manager 1package jKalman IManages the Error Covariance
I IFilter- Imatrix (it is an instantiation ofj
I ICommon_ Ipart R146)
I IParts I

jUpdate_P_AndX 1package 1parent IUpdates the Covariance Matrix andi
I I IX Vector (it is an instantiation

I I lof part R201)

Data types:

The following table summarizes the types required by this part and defined
elsewhere in the paren top level component:
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I Name I Base Type I Description I

SStatesIndices Idiscrete lIndex to the arrays which depend
I -on the number of states

IMeasurementIndicesidiscrete lIndex to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements contained in the
I Elements I point type I Kalman Filter aggregates
I I I
IPhi Matrices Jprivate IData type for private n x n Phi

I Imatrix
IPAnd_0_Matrices Iprivate IData type for n x n private P
I I ImatrixI
I I II
jHMatrices Iprivate IData type for private m x n H I
I Imatrix

I IIlK H_Product_ private IData type for private n x n K
Matrices and H matrix

I I
IllRowVectors Iprivati IVector representing a row of a
I I IP matrix
I I II
IMeasurementVectors vector IVector indexed by Measurement 1

IlIndices containing KalmanFilterI
I lElements I

I I
IMeasurement_ Ivector IVector indexed by Measurement I
Variance I lIndices containing Kalman Filter

I Vectors- I lElements

N1 ?K Column Vectors Ivector lVector indexed by State Indices
IIcontaining Kalman_Filte _Elementsi

IState Vectors Ivector IVector indexed by State Indices
I lcontaining KalmanFilte-rElements

Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Value I Description

IZero State IState Ivector oflUsed for comparison to zero I
IVector IVectors 10 values Ivector

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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3.3.3.3.9.2.10.1.8 LIMITATIONS

None.

3.3.3.3.10 UNIT DESIGN

3.3.3.3.10.1 COMPUTEKALMANGAIN (BODY) UNIT DESIGN (CATALOG #P150-O)

This LLCSC is a generic function body which computes the Kalman gain vector
resulting from the processing of a single component of the measurement vector,
Z.

3.3.3.3.10.1.1 REOUIREMENTS ALLOCATION

This part meets CAMP requirement R182.

3.3.3.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.3.3.10.1.3 INPUT/OUTPUT

(0L GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

*!
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I Name j Base Type l Description j

IState Indices Idiscrete lIndex to the arrays which depend
on the number of states

lMeasurementIndices discrete lIndex to the arrays which depend
on the number of measurements

IKalman Filter Ifloating lElements contained in the
Elements point type Kalman Filter aggregates

I I I
J Matrices Iprivate IData type for n x n P matrixx
I -I I
IHMatrices Iprivate IData type for n x n H matrix
I -I I
lH Row Vectors lprivate IData type of vector representing

SI Ian H vector

I I
JMeasurement larray IVector indexed by Measurement
Variance I lIndices containing KalmanFilter
Vectors- lElements

IK Column Vectors larray IVector indexed by State Indices
- - containing Kalman _lte-r Elementsl

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

I Name I Type I Description I

jActiveHVector ifunction IReturns the row of an (MxN) H matrixI -Ithat is referenced

ITimes Transpose Ifunction IMultiplies a P matrix by the trans-

I I Ipose of a n x 1 H Row Vector, yield-
II ling a K Column Vector

IDot Product Ifunction IMultiplies a (Nxl) H Row Vector by a
4 4 lK Column Vector, yielding a Kalman

IFilter Element

"" Ifunction IDivides a (Nxl) K Column Vector by a
IKalman Filter Element, yielding a

I 1K Column Vector

3.3.3.3.10.1.4 LOCAL DATA
Data objects:
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The following Lable describes the data objects maintained by this part:

I Name I Type I Value I Description

iDenominator IKalman Fil- jvariable lOne element of the Error I
I Iter Elementsl ICovariance matrix

I I I
1K IK Column Ivariable IVector which is calculated and
I IVectors Ireturned

I II II
IV IH Row Ivariable IColumn slice of the H matrix
I IVectors I Irepresenting the current
I I I Imeasurement

3.3.3.3.10.1.5 PROCESS CONTROL

Not applicable.

-0f

3.3.3.3.10.1.6 PROCESSING

The following describes the processing performed by this part:

cc.. separate (KalmanFilterComplicated.H_Parts)

function ComputeKalmanGain
(P : P Matrices;
Measurement Number : MeasurementIndices;
Complicated H : H Matrices;
Measurement-Variance : Measurement Variance Vectors)
return KColumnVectors is

Denominator : Kalman Filter Elements;
K : K Column Vectors;
V : H-RowVectors;

_S begin

V := ActiveHVector (Source => ComplicatedH,
Row => MeasurementNumber);

K TimesTranspose (Left => P,
Right => V);

Denominator := DotProduct(Left => V,
Right => K) +

Meas:jrement Variance( Measurement-Number );

return K / Denominator;

>; end Compute Kalman Gain;

%,. -- '_
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3.3.3.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.3.10.1.8 LIMITATIONS

None.

3.3.3.3.10.2 UPDATEERRORCOVARIANCEMATRIX (BODY) UNIT DESIGN (CATALOG #P151-O)

This unit is a generic procedure body which computes the updated covariance
matrix resulting from the processing of a single component of the measurement
vector, Z.

3.3.3.3.10.2.1 REQUIREMENTS ALLOCATION

NThis part meets CAMP requirement R183.

3.3.3.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.3.3.10.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

S

l'A
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SName Base Type Description

IState Indices [discrete lIndex to the arrays which depend
I Ion the number of stmtes

IMeasurement IndicesIdiscrete lIndex to the arrays which depend
on the number of measurements

Kalman Filter Ifloating jElements contained in the

Elements - point type I Kalman Filter aggregates

P Matrices Iprivate IData type for private n x n P

I .matrix
SI I
H Matrices Iprivate IData type for private H matrix

I -I I
H _RowVectors 1private IPrivate vector representing a

I I Irow of the H matrix
II I

1K H Product_ larray IPrivate matrix representing
I Matrices I Iproduct of K and H matrices

II II
K Column Vectors Ivector IVector indexed by State Indices
I -containing KalmanFilterElementsi

(' Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

*0 I Name I Type I Description I

Active_H_Vector Ifunction Returns the row of a (MxN) H Matrix I
I I Ithat is referenced

ISubtract From 1procedure ISubtracts a K H Product matrix from I
I Identify I Ithe Identity Matrix (i.e., I - S)

Ifunction IMultiplies a K Column Vector by a H
I IRow Vector, yielding a K H Product

I IMatrix

"-*h" Ifunction IMultiplies a K H Product Matrix by a
I IP Mtt:rix, yielding a P Matrix

3.3.3.3.10.2.4 LOCAL DATA

None.

% - % % 1"4 , X
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3.3.3.3.10.2.5 PROCESS CONTROL

Not applicable.

3.3.3.3.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (KalmanFilterComplicatedHParts)

procedure UpdateError_CovarianceMatrix
(P : in out P Matrices;
MeasurementNumber : in Measurement-Indices;
K : in K Column Vectors;
ComplicatedH : in H Matrices) is

V : H_RowVectors;

begin

V := Active_HVector (Source => ComplicatedH,
Row => Measurement Number);

P := Subtract From Identity (K * V) *P;

end UpdateErrorCovarianceMatrix;

3.3.3.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.3.10.2.8 LIMITATIONS

None.

3.3.3.3.10.3 UPDATESTATEVECTOR UNIT DESIGN (CATALOG #P152-0)

This unit is a generic procedure which updates the State Vector, X, given the
old X vector, the Z vector, the K vector, the Measurement Number, and the
Complicated H array.

3.3.3.3.10.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R184.

3.3.3.3.10.3.2 LOCAL ENTITIES DESIGN

None.

4" or - "e ' 4
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II
3.3.3.3.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Base Type j Description

IState Indices Idiscrete jIndex to the arrays which depend
IIon the number of states

i Measurement Indices idiscrete lIndex to the arrays which depend
I on the number of measurements

IKalman Filter Ifloating lElements contained in the
I Elements - point type Kalman Filter aggregates

II II
IH_Matrices Iprivate IData type of m x n H matrix

IH Row Vectors Iprivate IVector representing a row of an
I IH matrix I
I I I
IMeasurementVectorsivector IVector indexed by Measurement I
I I lIndices

1K Column Vectors Ivector IVector indexed by State Indices
I containing Kalman Filter Elementsi

I I
IStateVectors Ivector IVector indexed by State Indices
I I Icontaining Kalman-Filter ElementsI

- -- _

Subprograms:

The following table summarizes the generic formal subroutines required by this
part:

V r' Se
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Name Type I Description

Active HVector Ifunction Returns the row of a (MxN) H matrix

Ithat is referenced

"*"function IComputes the product of an H Row

vector and a State vector, yeilding
a Kalman Filter Element

IDot Product Ifunction IMultiplies a (Nxl) K Column Vector

I Iby a Kalman Filter Element, yielding
I Ia K Column Vector

"+" function IAdds a state -ector and a K column

I Ivector (both n x 1) yielding a state

vector

3.3.3.3.10.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

IV IH Row Ivariable IColumn slice of the H matrix I
I IVectors I Irepresenting the current I
I I I Imeasurement I

3.3.3.3.10.3.5 PROCESS CONTROL

Not applicable.

3.3.3.3.10.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Kalman Filter ComplicatedH_Parts)
procedure UpdateState Vector

(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in MeasurementIndices;
ComplicatedH : in HMatrices) is

V : H Row Vectors;

begin

V := Active H Vector (Source => ComplicatedH,

' R
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Row => Measurement-Number);

X K * (Z (Measurement Number) -

Dot Product(Left => V,
Right => X)) + X;

end UpdateStateVector;

3.3.3.3.10.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3.3.10.3.8 LIMITATIONS

None.

3.3.3.3.10.4 UPDATEERRORCOVARIANCEMATRIXGENERALFORM UNIT DESIGN (CATALOG
#P1119-O)

This unit is a generic procedure body which computes the updated covariance
matrix resulting from the processing of a single component of the measurement
vector, Z. This solution uses the general form of the equation.

3.3.3.3.10.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R183.

3.3.3.3.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.3.3.10.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:
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i Name I Base Type I Description

-State Indices Idiscrete jIndex to the arrays which depend
- on the number of states

IMeasurementIndices Idiscrete lIndex to the arrays which depend
'I on the number of measurements

IKalman Filter floating IElements contained in the
Elements - point type Kalman Filter aggregates

I II
IP Matrices Iprivate IData type for private n x n P

I I Imatrix

I I II
IH Row Vectors Iprivate IPrivate vector representing a

- - Irow of the H matrix
I _ _ I
I K H Product jarray IPrivate matrix representing
I Matrices - Iproduct of K and H matrices

I Measurement jarray IVector indixed by Measurement
IVarianceVectors I lIndices containing KF Elements

1K Column-Vectors Ivector IVector indexed by State Indices
I - containing Kalman Filte-r Elements[

Subprograms:

The following table summarizes the generic formal subroutines required by this
0* part:

'(D tt.
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I Name I Type I Description I

lActive H Vector Ifunction IReturns the row of a (MxN) H Matrix I
I I Ithat is referenced

ISubtract From Iprocedure jSubtracts a K H Product matrix from
I Identity - Ithe Identity ia~rix (i.e., I - S)

IABATranspose Ifunction IDoes an ABA transpose on a K H

I IMatrix and a P Matrix, yielding a P

IMatrix

JABATranspose Ifunction IDoes an ABA transpose on a K Column
IVector and a Kalman Filter Element, I

I lyielding a P Matrix
II II

I Ifunction jMultiplies a K Column Vector by a H I
I IRow Vector, yielding a K H Product
I IMatrix
I II

"+" Ifunction IAdds two P Matrices, yielding a P

I I IMatrix

3.3.3.3.10.4.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

JA IK H ProductIvariable IProduct of K and H Matrices I

I _Matrices I I
I I I I
IV IB Row Ivariable IColumn slice of the H matrix
I IVectors I Irepresenting the current
I I I Imeasurement

3.3.3.3.10.4.5 PROCESS CONTROL

Not applicable.

3.3.3.3.10.4.6 PROCESSING

The following describes the processing performed by this part:

24 separate (Kalman_FilterComplicated_H_Parts)

procedure Update Error CovarianceMatrix General Form
(P : in out PMatrices;
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MeasurementNumber : in Measurement Indices;
K : in K Column Vectors;
Complicated H : in H Matrices;
MeasurementVariance : in Measurement Variance Vectors ) is

A : K H Product Matrices;

V : H-RowVe-tors;

begin

V := ActiveH Vector (Source => ComplicatedH,
Row => MeasurementNumber);

A := SubtractFromIdentity (K * V);

P := ABATranspose( A, P ) +
ABATranspose( K, MeasurementVariance( Measurement-Number ) );

end UpdateErrorCovarianceMatrixGeneralForm;

3.3.3.3.10.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.3,3.10.4.8 LIMITATIONS

None.

i
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package body Kalman Filter Complicated H Parts is

function ComputeKalman Gain
( P : P Matrices;

Measurement Number : Measurement Indices;
Complicated H : H Matrices;
MeasurementVariance : MeasurementVarianceVectors)

return KColumnVectors is separate;

procedure UpdateErrorCovarianceMatrix
(P : in out P Matrices;
MeasurementNumber : in Measurement Indices;
K : in K ColumnVectors;
ComplicatedH : in H Matrices) is separate;

procedure UpdateStateVector
(X : in out State Vectors;
z : in Measurement Vectors;
K : in K Column Vectors;
Measurement Number : in Measurement Indices;
Complicated H in H Matrices) is separate;

package body Sequentially_UpdateCovariance_MatrixAndStateVector is separate;

package body KalmanUpdate is separate;

procedure UpdateError CovarianceMatrix General Form
( P : in out P Matrices;
Measurement Number : in Measurement Indices;
K :-in K Column Vectors;
ComplicatedH : in H-Matrices;
Measurement Variance : in MeasurementVariance Vectors )

is separate;

end KalmanFilterComplicated_H_Parts;

iI
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separate (KalmanFilter_Complicated_H_Parts)

function ComputeKalmanGain
(P : P Matrices;
Measurement Number : MeasurementIndices;
ComplicatedH : H Matrices;
Measurement Variance : Measurement Variance Vectors)
return K Column Vectors is

Denominator : Kalman Filter Elements;
K : K Column Vectors;
V : H RowVectors;

begin

V := Active H Vector (Source => ComplicatedH,
Rou => MeasurementNumber);

K := TimesTranspose (Left => P,
Right => V);

Denominator := DotProduct(Left => V,

Right => K) +
MeasurementVariance( Measurement-Number );

return K / Denominator;

end ComputeKalmanGain;

V.
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separate (KalmanFilter_Complicated_H_Parts)

procedure UpdateError CovarianceMatrix
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
ComplicatedH : in HMatrices) is

V :1H Row Vectors;

begin

V := ActiveH_Vector (Source => ComplicatedH,
Row => MeasurementNumber);

P Subtract FromIdentity (K * V) * P;

end UpdateError Covariance Ma ix;

N, ,INN., ,.0Z
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separate (Kalman Filter Complicated_H_Parts)
procedure UpdateStateVector

(X : in out State Vectors;
Z : in Measurement Vectors;
K : in K ColumnVectors;
MeasurementNumber : in Measurement-Indices;
ComplicatedH : in HMatrices) is

V H_RowVectors;

begin

V := ActiveH Vector (Source => ComplicatedH,
Row => MeasurementNumber);

X := K * (Z (Measurement Number) -
DotProduct(Left => V,

Right => X)) + X;

end UpdciteState Vector;

''
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separate (KalmanFilterComplicated_H_Parts)

package body Sequentially_UpdateCovarianceMatrix And StateVector is

K : KColumnVectors;

function Compute K is new ComputeKalmanGain
(State Indices => StateIndices,
Measurement Indices => Measurement Indices,
Kalman Filter-Elements => Kalman FilterElements,
P Matrices => P Matrices,
H Matrices => H Matrices,
H-RowVectors => H RowVectors,
MeasurementVarianceVectors

=> Measurement Variance Vectors,
KColumnVectors => KColumnVectors);

procedure Update P is new UpdateError Covariance Matrix
(State Indices => State Indices,
Measurement Indices => Measurement Indices,
Kalman FilterElements => Kalman FilterElements,
P Matrices => P Matrices,
H Matrices => HMatrices,
H-Row Vectors => H Row Vectors,

L KCH Product Matrices => KH Product Matrices,
K_ColumnVe-tors => KColumnVectors);

procedure Update X is new Update_State Vector
(StaTe Indices => StateIndices,
Measurement Indices => Measurement Indices,
Kalman FilterElements => Kalman Filter_Elements,
H Matrices => H Matrices,
B-RowVectors => B-RowVectors,
Measurement Vectors => Measurement Vectors,
K Column Vectors => K Column Vectors,
STateVectors => STateVectors);

pragma PAGE;
* procedure Update

(P : in out P Matrices;
X : in out State Vectors;
Z : in MeasurementVectors;
ComplicatedH : in H Matrices;
Measurement Variance : in Measurement Variance Vectors) is

begin

for Measurement Number in Measurement Indices loop

K:= ComputeK. (P => P,

Measurement Number => Measurement Number,
Complicated H => Complicated H,
MeasurementVariance => MeasurementVariance);

Update_P (P => P,

Measurement-Number => MeasurementNumber,

%.. Ai
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K => K,
ComplicatedH => ComplicatedH);

4 UpdateX (X => X,SZ => Z,

K => K,
Measurement Number => Measurement Number,
Complicated-H => Complicated-H);

end loop;

end Update;

end SequentiallyUpdateCovarianceMatrixAndState Vector;

IN
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*with Kalman Filter Common Parts;
separate (Kalman FilterComplicated_H_Parts)
package body KalmanUpdate is

package PManager is new
Kalman Filter Common Parts.Error CovarianceMatrixManager

( Phi Matrices => Phi Matrices,
PAndQMatrices => PAndQMatrices);

package Update P And X is new
Sequentially Update Covariance Matrix And State Vector

(State Indices => State-Indices,
Measurement Indices => Measurement Indices,
Kalman FilterElements => Kalman Filter-Elements,
P Matrices => P And _ Matrices,
HMatrices => H-Matri-ces,
KH Product Matrices => KH Product Matrices,
H-Row Vectors => H-Row Vectors,
Measurement Variance Vectors => MeasurementVariance Vectors,
Measurement-Vectors => MeasurementVectors,
K Column Vectors => K ColumnVectors,
StateVecoors => StateVectors );

Zero State Vector : StateVectors := (others => 0.0);
pragma PAGE;

procedure Update (X : in out State Vectors;

P : in out PAnd-QMatrices;
Z : in MeasurementVectors;
Complicated H : in H Matrices;

, Measurement Variance : in Measurement Variance-Vectors;
Propagated Phi : in Phi Matrices;
PropagatedQ . in PAnd_0_Matrices) is

begin

--. .. .Propagate the Error Covariance Matrix

P Manager.Initialize (Initial P => P);

P_Manager.Propagate (PropagatedPhi => PropagatedPhi,
PropagatedO => Propagated_Q);

P := P Manager.P;

.. .If the state vector is not zero, multiply it by Propagated Phi

'A if X /= Zero StateVector then

X Propagated_Phi * X;

end if;

.1 . .-Update Error Covariance Matrix and State Vector

Update P And X.Update (P => P,

O => X,

%. 0P ~ %
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ComplicatedH => ComplicatedH,
Measurement-Variance => Measurement-Variance);

end Update;

end KalmanUpdate;

% N
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separate (KalmanFilterComplicated_H_Parts)

procedure Update_ErrorCovarianceMatrix General Form
(P : in out P Matrices;
Measurement Number : in Measurement Indices;
K : in K Column Vectors;
ComplicatedH : in H-Matrices;
MeasurementVariance : in MeasurementVariance Vectors) is

A : K H Product Matrices;
V : H-Row Vectors;

begin

V Active_H_Vector (Source => ComplicatedH,
Row => MeasurementNumber);

A := SubtractFromIdentity (K * V);

P := Aba Transpose( A, P ) +

AbaTranspose( K, MeasurementVariance( Measurement Number ) );

end UpdateError Covariance Matrix GeneralForm;

(.
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